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ABSTRACT 

Th i s  r e p o r t  d i s c u s s e s  the des ign  o f  the i n s t rumen ta t i on  used t o  measure 

v e r t i c a l  inc idence  abso rp t ion  and p a r t i a l  r e f l e c t i o n s  on board the USNS 

Croatan a i r c r a f t  c a r r i e r  a s  a p o r t i o n  of  t he  NASA re sea rch  exped i t i on  i n  

1965 t o  t he  sou the rn  P a c i f i c  Ocean. Pre l iminary  d a t a  reduced from f i l m  

records  is  presen ted  and d i scus sed  b r i e f l y .  Also d i scussed  b r i e f l y  i n  t h i s  

r e p o r t  is  t h e  i n s t rumen ta t i on  being used f o r  s i m i l a r  measurements a t  Wallops 

I s l a n d  and a t  the Aeronomy f i e l d  s t a t i o n  nea r  Urbana, I l l i n o i s .  
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1 INTRODUCTION 

Measurement of  h e i g h t  d i s t r i b u t i o n  of  f r e e  e l e c t r o n s  i n  t he  iono- 

sphere has  long been the  o b j e c t  of many experiments .  Swept-frequency 

ionosondes and rocket-borne experiments  a r e  probably t he  most s u c c e s s f u l ,  

bu t  have t h e  d i sadvantages  t h a t  ionosonde records  a r e  d i f f i c u l t  t o  i n t e r -  

p r e t  f o r  h e i g h t s  less than 90 km and t h a t  rocke t  experiments  observe 

t he  ionosphere on ly  a t  t h e  i s o l a t e d  t i m e s  of  launch and do n o t  p r e sen t  

a cont inuous p i c t u r e  of d a i l y  ionospher ic  v a r i a t i o n s .  The v e r t i c a l  

inc idence  abso rp t ion  and p a r t i a l  r e f l e c t i o n  experiments a r e  land-based 

experiments  and do provide f o r  both cont inuous obse rva t ion  and i n v e s t i -  

g a t i o n  of  ionospher ic  c h a r a c t e r i s t i c s  below 90 km. 

The v e r t i c a l  inc idence  abso rp t ion  experiment involves  t ransmiss ion  

of  pu l se s  of r a d i o  energy i n  a v e r t i c a l  d i r e c t i o n  and r ecep t ion  of 

i onosphe r i ca l l y  r e f l e c t e d  pu l se s .  The ampli tudes of  t he se  rece ived  

pu l se s  a r e  i n t e r p r e t e d  i n  terms of  t he  a t t e n u a t i o n  produced by an  equiv-  

a l e n t  l o s s y  r e f l e c t o r  placed a t  t he  apparen t  r e f l e c t i o n  h e i g h t .  The 

a t t e n u a t i o n  i s  expressed a s  t h a t  amount of  loss  con t r ibu t ed  by t h e  iono- 

sphere f o r  t h e  double pa th  (up- leg and down-leg) t h a t  i s  over  and above 

t h e  normal f ree- space pa th  loss.  The apparen t  or v i r t u a l  h e i g h t  of  the  

r e f l e c t i n g  medium is  measured a s  the  t i m e  de l ay  between the  t r ansmi t t ed  

pu l se  and t h e  rece ived  pu l se  i n  t he  same manner a s  i n  the  swept- frequency 

ionosonde or a s  i n  t h e  range i n d i c a t o r  of  a r a d a r  system. 

The p a r t i a l  r e f l e c t i o n  experiment i s  much the  same a s  t he  v e r t i c a l  

inc idence  abso rp t ion  experiment i n  t h a t  pu lses  of r a d i o  energy a r e  t r ans-  

mi t t ed  v e r t i c a l l y  and the  ionospher ic  r e f l e c t i o n s  a r e  rece ived  and 

r 
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recorded.  However, the p a r t i a l  r e f l e c t i o n  technique 

mission of pu l se s  of  both o rd ina ry  and e x t r a o r d i n a r y  

involves  t r ans-  

p o l a r i z a t i o n s  i n  

sequence. The ampli tudes of t h e  r e f l e c t i o n s  rece ived  f r o m  each p o l a r i -  

z a t i o n  a r e  then compared t o  determine a d i f f e r e n t i a l  abso rp t ion  between 

t h e  two modes, from which an  e l e c t r o n  d e n s i t y  p r o f i l e  can be ob ta ined .  

The p a r t i a l  r e f l e c t i o n  technique a l lows  measurements of  e l e c t r o n  den- 

s i t ies  i n  t h e  h e i g h t  range of  approximately 50 t o  90 km. These par-  

t i a l l y  r e f l e c t e d  echoes ,  weakly back- sca t te red  from smal l  i r r e g u l a r i t i e s  

i n  e l e c t r o n  d e n s i t y ,  a r e  50 to  60 dB weaker i n  amplitude than the  r e f l e c -  

t i o n s  rece ived  from the  normal E l a y e r .  The re fo re ,  cons iderab ly  more 

system g a i n  i s  r equ i r ed  f o r  measurement of  p a r t i a l  r e f l e c t i o n s  than is  

r equ i r ed  f o r  t he  v e r t i c a l  inc idence  abso rp t ion  experiment.  

U s e  o f  t he  v e r t i c a l  inc idence  abso rp t ion  and p a r t i a l  r e f l e c t i o n  

techniques y i e l d s  cons iderab le  in format ion  concerning lower ionosphere 

behavior ,  p a r t i c u l a r l y  when used i n  conjunc t ion  wi th  a swept- frequency 

ionosonde and/or rocke t  i n s t rumen ta t i on  f o r  measurement of  e l e c t r o n  

d e n s i t i e s .  For t h e s e  r ea sons ,  a system capable  of v e r t i c a l  inc idence  

abso rp t ion  and p a r t i a l  r e f l e c t i o n  measurements has  been i n s t a l l e d  a t  

Wallops I s l a n d ,  Va. Th i s  system has  been used i n  conjunc t ion  wi th  

Un ive r s i t y  of  I l l i n o i s  rocke t  experiments  f o r  measurement of D-layer 

d i f f e r e n t i a l  abso rp t ion  and has  proven p a r t i c u l a r l y  va luable  i n  s ens ing  

t h e  occurrence o f  w i n t e r  anomaly i n  abso rp t ion .  

A second system s i m i l a r  t o  t h a t  used a t  Wallops I s l a n d  was designed 

and cons t ruc t ed  f o r  use on board t he  USNS Croatan a i r c r a f t  c a r r i e r  dur ing  

the  NASA re sea rch  exped i t i on  t o  t h e  sou the rn  P a c i f i c .  Operat ion of  t he  
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a b s o r p t i o n / p a r t i a l  r e f l e c t i o n  sounder aboard t h e  s h i p  allowed measure- 

ment of  lower ionospher ic  cond i t i ons  i n  con junc t ion  wi th  t he  rocke t  

experiments  and t h e  swept- frequency ionosonde. A d d i t i o n a l l y ,  t h e  s h i p  

provided an e x c e l l e n t  oppor tun i ty  t o  measure t he  l a t i t u d i n a l  v a r i a t i o n  

of  t h e  ionospher ic  abso rp t ion .  Although t h e  phys i ca l  dimensions o f  t he  

s h i p  d i d  no t  permit  an antenna system of  optimum size t o  be e r e c t e d  

f o r  p a r t i a l  r e f l e c t i o n  measurements, t h e  remainder o f  t he  s y s t e m  was 

designed so t h a t ,  a l though marg ina l ,  some p a r t i a l  r e f l e c t i o n  d a t a  might 

be recorded.  The des ign  and c o n s t r u c t i o n  of t h i s  s y s t e m  f o r  shipboard 

use is  the  primary concern of  t h i s  r e p o r t .  Also included is  a b r i e f  

d e s c r i p t i o n  of t he  i n s t rumen ta t i on  a t  Wallops I s l a n d  and the  i n s t r u-  

mentat ion i n  use a t  t he  Un ive r s i t y  of  I l l i n o i s  Aeronomy Laboratory F i e l d  

S t a t i o n .  Pre l iminary  r e s u l t s  o f  the  v e r t i c a l  inc idence  abso rp t ion  

measurements a r e  included i n  t h i s  r e p o r t .  

S ince  i n s t rumen ta t i on  f o r  use i n  t he  measurement of  v e r t i c a l  i n c i -  

dence abso rp t ion  and p a r t i a l  r e f l e c t i o n s  is  q u i t e  s p e c i a l i z e d  and no t  

a v a i l a b l e  from commercial s o u r c e s ,  t h e  des ign  of  each component i s  

t r e a t e d  i n  s u f f i c i e n t  d e t a i l  t h a t  a s i m i l a r  s y s t e m  could be cons t ruc t ed  

wi th  a minimum of r edes ign  t i m e  should such a s y s t e m  be r equ i r ed  i n  t h e  

f u t u r e .  A d d i t i o n a l l y ,  i t  i s  intended t h a t  t h i s  r e p o r t  s e r v e  a s  a manual 

of  o p e r a t i o n  and s e r v i c i n g  f o r  personnel  a t  t he  Un ive r s i t y  of  I l l i n o i s ,  
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2 .  GENERAL SYSTEM DESIGN 

Radio measurement o f  v e r t i c a l  inc idence  ionospher ic  abso rp t ion  and D- 

l a y e r  p a r t i a l  r e f l e c t i o n  phenomena r e q u i r e s  t h e  t ransmiss ion  o f  a pulsed RF 

s i g n a l  i n  a v e r t i c a l  d i r e c t i o n  and r e c e p t i o n  of a11 s i g n a l s  r e s u l t i n g  from 

e i t h e r  t o t a l  or p a r t i a l  r e f l e c t i o n  o f  t he  t r ansmi t t ed  s i g n a l  by t he  ionosphere.  

This  t r ansmi t t ed  pu l se  should be of s u f f i c i e n t  l eng th  t h a t  ionospher ic  d i spe r-  

s i o n  w i l l  no t  app rec i ab ly  a f f e c t  t he  ampli tude o f  t h e  rece ived  r e f l e c t i o n  

and a s  s h o r t  a s  i s  c o n s i s t e n t  wi th  good t r a n s m i t t e r  and r e c e i v e r  des ign  tech-  

niques .  The pu l se  should be d e f i n i t e l y  much s h o r t e r  t han  the  t i m e  de l ay  be- 

tween t h e  t r ansmi t t ed  pu l se  and the  f i r s t  r e f l e c t e d  pu l se  t o  be rece ived .  

Measurement of v e r t i c a l  inc idence  abso rp t ion  r e q u i r e s  record ing  of  t he  

ampli tude of  each r e f l e c t e d  s ignal  rece ived  and the  v i r t u a l  he igh t  of  t h e  

r e f l e c t i o n  l a y e r ,  Recording of  the  r e f l e c t e d  s i g n a l  was accomplished i n  

t h e  shipboard experiment by d i s p l a y i n g  t h e  r e c e i v e r  ou tpu t  on an o s c i l l o -  

scope and photographing t h e  t r a c e  on 35 mm f i l m .  The h o r i z o n t a l  sweep 

c i r c u i t r y  o f  t he  o s c i l l o s c o p e  was t r i g g e r e d  by the  t r ansmi t t e r  pu lse ;  hence ,  

t h e  t i m e  d e l a y  between t h e  t r ansmi t t ed  pu l se  and rece ived  r e f l e c t i o n  w e r e  

recorded on t h e  f i l m  a s  w e l l  a s  t h e  ampli tude of t he  r e f l e c t i o n .  The v i r t u a l  

h e i g h t  can be r e a d i l y  c a l c u l a t e d  from t h i s  t i m e  de l ay  s i n c e  t he  wave propa- 

g a t e s  a t  t h e  speed o f  l i g h t .  A second d a t a  record ing  system, designed by 

Robert  Appel (Appel and Bowhil l ,  1965), provides  d a t a  r eco rds  t h a t  a r e  more 

e a s i l y  reduced, and i s  p r e s e n t l y  i n  use for abso rp t ion  record ing  a t  t he  

Un ive r s i t y  of  I l l i n o i s .  

Measurement o f  p a r t i a l  r e f l e c t i o n s  from t h e  lower reg ions  o f  the  iono- 

sphere  r e q u i r e s  record ing  of  t h e  ampli tude and v i r t u a l  he igh t  of  both t he  

J 
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ord ina ry  and e x t r a o r d i n a r y  magnetoionic component waves. The s y s t e m  t r ans-  

m i t s ,  i n  r ap id  succes s ion ,  both modes of  c i r c u l a r  p o l a r i z a t i o n  and the  

r e s u l t i n g  rece ived  r e f l e c t i o n s  a r e ,  a s  i n  t he  c a s e  of  abso rp t ion  measurements, 

photographed from the o s c i l l o s c o p e  sc r een .  The ou tpu t  of  t he  r e c e i v e r  i s  

i n v e r t e d  f o r  t h e  t ransmiss ion  and r ecep t ion  of the second p o l a r i z a t i o n  so 

t h a t  both components a r e  recorded on a s i n g l e  frame o f  f i l m ,  one above t h e  

o t h e r .  This  method of  record ing  a l lows  r ap id  comparison of  the ampli tudes 

of  rece ived  p a r t i a l  r e f l e c t i o n s  of  both modes a t  the same v i r t u a l  he igh t  

(Belrose e t  aL., 1964). -- 
The requirements  of  t r a n s m i t t e r  power, antenna g a i n ,  and r e c e i v e r  

s e n s i t i v i t y  f o r  the s y s t e m  t o  a c c u r a t e l y  measure the  above ionospher ic  

phenomena were determined from the fo l lowing  pa th- loss  c a l c u l a t i o n :  

I n  f r e e  space ,  w i t h  no ionospher ic  a t t e n u a t i o n ,  t h e  r a t i o  o f  rece ived  

power t o  t r ansmi t t ed  power can be expressed  a s  

where 

P = power o f  rece ived  s i g n a l  

P = power of  t r ansmi t t ed  s i g n a l  

A = e f f e c t i v e  a r ea  of  r ece iv ing  antenna 

A = e f f e c t i v e  a r ea  of  t r a n s m i t t i n g  antenna 

A = wavelength i n  meters 

d = d i s t a n c e  between antennas i n  meters 

r 

t 

r 

t 

For obse rva t ion  o f  E- layer r e f l e c t i o n s ,  a median frequency of  3 MMz 

was chosen and the  d i s t a n c e ,  d ,  is  approximately 100 km X 2 = 200 km.  S ince  
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t h e  phys i ca l  arrangement of  t he  s h i p  r equ i r ed  use o f  t he  same antenna system 

f o r  r ece iv ing  and t r a n s m i t t i n g ,  A and A a r e  the  same and w i l l  be r e f e r r e d  r t 

t o  a s  A. The space a v a i l a b l e  on the  s h i p  a l s o  d i c t a t e d  t h e  use of  a maximum 

of two crossed  d i p o l e s  a s  the  antenna s y s t e m .  The re fo re ,  t he  e f f e c t i v e  a r ea  

of  t he  antenna system is: 

( I .T .  & T . ,  1956) 
2 2 

A=2(0.13 ), ) = 0.26 

S u b s t i t u t i n g  (2.2) i n  (2.1) g ives :  

A2 (0.26 h2)2 2 0.0675 A 
- 

2 L - - -  - 
't d d2x2 d 

- 2 2 -  (2.3) 

I f  t h e  s i g n a l  has  a frequency of  3 .0  MHz, X = 100 m and d = 200 km approxi-  

mate ly ,  then 2.3 becomes: 

0.0675(100)2 -8 
= 1.69 x 10 5 2  - 'r 

Pt (2 x l o  ) 
- -  

(2.4) 
7 

or, P /P = 5.92 x 1 0  = 77.7 dB t r  

The abso rp t ion  of  a 3.0 MHz s i g n a l  by t he  ionosphere can be expected t o  be 

approximately 30 dB maximum f o r  the  double pa th  a t  l o c a l  noon. Therefore  

t h e  r a t i o  of  (2.4) can be a s  g r e a t  a s :  

P t / P r z  108 dB 

Therefore ,  i f  a s i g n a l  s t r e n g t h  of 1000 

a t  t he  i n p u t  t o  t h e  r e c e i v e r  can be expected 

i n p u t  vo l t age  of  0.92 mV r m s  a c r o s s  50 ohms. 

(2.5) 

wat t s  is r a d i a t e d ,  t he  s i g n a l  

t o  be 1.69 x 1 0  w a t t s ,  or an  -6 

This  s i g n a l  s t r e n g t h  can e a s i l y  

be d e t e c t e d  i n  a r e c e i v e r  of  a very  s imple des ign .  However, t he  magnitude 

of  p a r t i a l l y  r e f l e c t e d  s i g n a l s  from t h e  D l a y e r  can be expected t o  be 50 t o  

60 dB weaker than the  normal E- layer echoes (Belrose et. al , .  , 1964). I f  a ,power of 

100 kW i s  r a d i a t e d ,  the  rece ived  p a r t i a l  r e f l e c t i o n  s i g n a l s  w i l l  be between 

-- 
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9 . 2  UV and 2 .9  PV a c r o s s  a 50 ohm inpu t  impedance. Both a very  h igh  power 

t r a n s m i t t e r  and a very  s e n s i t i v e  r e c e i v e r  a r e  thus  r equ i r ed  to  ach ieve  

r e l i a b l e  record ing  of  p a r t i a l  r e f l e c t i o n s .  I n  a d d i t i o n  to  t h e  l o s s e s  l i s t e d  

above, i t  is  a l s o  necessary  t o  i nc lude  system l o s s e s  of between 10 and 20 dB 

t o  account f o r  l o s s e s  i n  t h e  t r a n s m i t t i n g  and r e c e i v i n g  f e e d l i n e s ,  t he  

e l e c t r o n i c  t ransmi t- rece ive  swi t ch ,  t h e  t r a n s m i t t i n g  and r ece iv ing  phase- 

s h i f t  networks,  and the  antenna matching networks,  and for l o s s e s  due t o  t he  

i n e f f i c i e n c y  of  t he  a c t u a l  antenna s y s t e m  on board t h e  s h i p .  The antenna 

i n e f f i c i e n c i e s  a r e  l a r g e l y  a r e s u l t  of  t h e  presence of  t he  s h i p ' s  super-  

s t r u c t u r e  and c r a n e s ,  a s  w e l l  a s  t he  w i r e  antennas o f  o t h e r  exper imenters ,  

a l l  w i th in  t h e  near  f i e l d s  of t h e  an tennas .  The re fo re ,  t h e  s y s t e m  g a i n  f o r  

p a r t i a l  r e f l e c t i o n  measurements was a t  b e s t  marginal  and g r e a t  c a r e  was 

used i n  t he  des ign  and i n s t a l l a t i o n  of each element of t he  s y s t e m  t o  a s s u r e  

maximum s e n s i t i v i t y .  

The o u t p u t  power of t h e  t r a n s m i t t e r  i s  l a r g e l y  d i c t a t e d  by the  r a t i n g s  

of  t he  f i n a l  a m p l i f i e r  tubes  and is  t h e r e f o r e  r e s t r i c t e d  t o  a maximum of  50 

kW. The t r a n s m i t t e r  pu l se  width was ad jus t ed  t o  50 P s  i n  o r d e r  t o  ach ieve  

a balance between r e c e i v e r  bandwidth and he igh t  r e s o l u t i o n  of  t he  r e f l e c t e d  

s i g n a l s .  The bandwidth o f  the  r e c e i v e r  was chosen from t h e  r e l a t i o n :  

BW = 5/2T = 50 kHZ (2 .6)  

where 

T = l eng th  of  t he  r e c t a n g u l a r  pu l se  

Th i s  r e l a t i o n s h i p  has  been der ived  f o r  optimum r e c e i v e r  s igna l - t o -  

no i se  r a t i o  and does r e s u l t  i n  rounding of the  pu l se  i n  t h e  r e c e i v e r  

(Schwartz,  1959).  The response of t he  r e c e i v e r  t o  a r ec t angu la r  RF pu l se  
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2 i n p u t  t h e r e f o r e  resembles a cos x f u n c i i o n ,  bu t  t he  amplitude and p o s i t i o n  

c h a r a c t e r i s t i c s  of  t he  p u l s e  a r e  r e t a i n e d  a t  t h e  peak of  t he  ou tpu t  pu l se .  

The pu l se  r e p e t i t i o n  r a t e s  o f  t h e  s y s t e m  were chosen t o  be between 1/2 

and 5 pu l se s  pe r  second so  t h a t  f ad ing  of t h e  ionospher ic  r e f l e c t i o n  could 

be observed.  The pulse  r e p e t i t i o n  rate was he ld  t o  a maximum o f  5 pps t o  

minimize i n t e r f e r e n c e  t o  o t h e r  experiments .  The mechanical system of  t he  

camera d i c t a t e d  one record  pe r  second a s  t h e  maximum d a t a  record ing  speed ,  

(determined by t h e  r a t e  a t  which the  35 mm f i l m  can be changed from one 

frame t o  t h e  nex t )  so  t h a t  a l l  f i lmed record ings  were made a t  a pu l se  r a t e  

of 1/2 or 1 . 0  pps. The 5 pps r a t e  was used p r imar i l y  f o r  v i s u a l  obse rva t ion  

and i n  adjustment  of  t he  t r a n s m i t t e r .  Measurement o f  t h e  p a r t i a l  r e f l e c t i o n s  

f u r t h e r  r equ i r ed  t h a t  both o rd ina ry  and e x t r a o r d i n a r y  modes be recorded on 

the  same frame of f i l m  and i n  r a p i d  success ion .  The re fo re ,  double p u l s e s ,  

one of each mode, were t r ansmi t t ed  and rece ived  by the  s y s t e m  w i t h i n  125 m s  

of each o t h e r  a t  a pu lse  r e p e t i t i o n  r a t e  of e i t h e r  1/2 or 1 . 0  pps.  For 

measurement of  v e r t i c a l  inc idence  a b s o r p t i o n ,  t h e  second pulse  was e l imina t ed  

i n  t he  t iming and c o n t r o l  s y s t e m .  

A f u r t h e r  requirement of  the  system for t h e  s h i p  experiment was t h a t  i t  

be tunable  over  t he  frequency range from 2 . 0  t o  3.5 NBIz so t h a t  i n t e r f e r e n c e  

could be avoided by s h i f t i n g  t h e  system frequency and so t h a t  measurements 

could be made a t  s e v e r a l  d i s t i n c t  f r equenc i e s .  

The re fo re ,  t h e  requirements  of  the  e n t i r e  s y s t e m  t o  achieve record ing  

o f  v e r t i c a l  inc idence  abso rp t ion  and low a l t i t u d e  p a r t i a l  r e f l e c t i o n s  were: 

1. The t r a n s m i t t e r  should be capable  of  d e l i v e r i n g  a t  l e a s t  50 kw 
to t h e  an tennas  dur ing  the  pu l se .  

2 .  The r e c e i v e r  should be capable  of r e c e i v i n g  a s i g n a l  of s t r e n g t h  
2 x w a t t s  (3.0 pV ac ros s  50 ohms) w i th  a s igna l- to- noise  

1 
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3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

r a t i o  o f  10 dB minimum. d;i.e. a no i se  f i g u r e  o f  approximately 
3 dB), 

The t r ansmi t t ed  pu l se  should be 50 us long wi th  a pu l se  r e p e t i t i o n  
r a t e  a d j u s t a b l e  between 1/2 and 5 pps. 

The -3 dB bandwidth of  t h e  r e c e i v e r  should be approximately 50 kHz. 

The antenna system should be capable  o f  r a d i a t i n g  e i t h e r  r i g h t - , o r  
l e f t- hand  c i r c u l a r  p o l a r i z a t i o n s  i n  a v e r t i c a l  d i r e c t i o n .  The 
sense  of  t h e  p o l a r i z a t i o n  should be c o n t r o l l e d  au toma t i ca l l y  by 
t h e  t iming s y s t e m  f o r  record ing  of p a r t i a l  r e f l e c t i o n  d a t a .  

The record ing  of t h e  d a t a  should c o n s i s t  of  photographing t h e  
r e c e i v e r  ou tpu t  a s  d i sp l ayed  on an o s c i l l o s c o p e .  The f i l m  should 
be 35 mm and p rov i s ion  should be included f o r  automatic  advancing 
of t h e  f i l m  by t h e  t iming system f o r  each t r ansmi t t ed  and rece ived  
pu l se .  Other  p e r t i n e n t  da t a  such a s  d a t e ,  t i m e  and frame number 
should be recorded on each frame of  f i l m .  

The e n t i r e  system should be capable  of  ope ra t i on  over  t h e  frequency 
range of 2 . 0  t o  3.5 MHz. 

The mechanical c o n s t r u c t i o n  of t he  s y s t e m  should be designed so  
t h a t  t he  rugged environment o f  shipboard use would n o t  be d e t r i -  
mental t o  i t s  ope ra t i on .  All component u n i t s  should be capable  of  
mounting i n  shock-mounted r e l a y  racks and should be i n d i v i d u a l l y  
sh i e lded  t o  or i n t e r f e r e n c e  from o t h e r  
experiments  a l s o  p a r t i c i p a t i n g  i n  the r e sea rch  exped i t i on .  All 
u n i t s  of t h e  system wi th  the  obvious excep t ion  of t he  antennas and 
matching networks should be housed i n  an  a i r- condi t ioned  instrumen- 
t a t i o n  t r a i l e r  van furn ished  by NASA. 

The c o n t r o l  s y s t e m  should be so arranged t h a t  i t  can be e a s i l y  
opera ted  f o r  d a t a  record ing  by one i n d i v i d u a l .  

S u f f i c i e n t  meter ing c i r c u i t s  should be included i n  a l l  u n i t s  so t h a t  
s e r v i c i n g  t i m e  can be kept  t o  a minimum. 

The block diagram of t h e  complete s y s t e m  a s  designed f o r  shipboard 

measurement o f  v e r t i c a l  inc idence  abso rp t ion  and D- layer p a r t i a l  r e f l e c t i o n s  

i s  shown i n  Figure 2 .1 .  Figure 2 .2  i s  a photograph of  t he  s y s t e m  a s  

i n s t a l l e d  i n  t he  van. 

The fo l lowing  r e p o r t  d i s c u s s e s  t h e  des ign  and c o n s t r u c t i o n  of  each 

major ins t rument  used i n  t h e  shipboard experiment a s  w e l l  a s  a b r i e f  d e s c r i p t i o n  
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of s i m i l a r  ins t ruments  i n  use a t  t h e  Wallops I s l a n d  i n s t a l l a t i o n  and t h e  

f i e l d  s t a t i o n  a t  t h e  Un ive r s i ty  of I l l i n o i s .  F igure  2.3 is  a block d i a-  

gram of t h e  Wallops I s l a n d  i n s t a l l a t i o n  and Figure 2 . 4  is  a block diagram 

of t h e  f i e l d  s t a t i o n  i n s t a l l a t i o n .  
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3. RECEIVER DESIGN 

General Reauirements 

The r e c e i v e r  requirements  of the  shipboard ionospher ic  sounder were 

a s  fo l lows:  

1. RF Center  Frequencies  Tunable from 2.00 t o  3 . 5 0  MHz or 
f i x e d  frequency a t  3 .030  MHz. 

2 .  Noise F igure  3 dB maximum. 

3.  Bandwidth 50  kHz a t  -3 dB p o i n t s  on bandpass 
response curve .  

4 .  Ripple  Within Passband 3 dB o v e r a l l  maximum. 

5 .  Manual Gain Cont ro l  S u f f i c i e n t  t o  a d j u s t  f o r  an i npu t  
v a r i a t i o n  over  t he  range of 1 . 0  
microvol t  t o  1 .0  m i l l i v o l t s .  

6 .  Recovery Time 

7 ,  Gain V a r i a t i o n  

8 .  Power Supply 

9 .  RF Input  Impedance 

10. Output Impedance 

11. Output Response 

12 .  Mechanical Housing 

200 microseconds f o r  r e c e i v e r  t o  
drop i n t o  no i se  a f t e r  0 . 1  v o l t s  
r m s  a t  t he  s i g n a l  frequency app l i ed  
a t  t he  i n p u t  is  removed. 

3 dB maximum over  t h e  temperature 
range of 15 

0 
C t o  3 5 O  C .  

Ex te rna l  t o  RF po r t i ons  o f  r e c e i v e r ,  
a l l  vo l t ages  to  t he  r e c e i v e r  must be 
r egu la t ed  t o  w i t h i n  0.1% fo r  AC l i n e  
vo l t age  v a r i a t i o n s  of  10% and over  t he  
temperatures  of 15 0 C t o  35O C.  

50 ohms, unbalanced. 

10,000 ohms maximum, unbalanced. 

DC t o  50 kHz, 10 v o l t s  maximum wi th  
c a p a b i l i t y  of  s e l e c t i n g  e i t h e r  pos i-  
t i v e  or negat ive  p o l a r i t y  ou tpu t  
e x t e r n a l l y  

All r e c e i v e r  u n i t s  t o  be sh i e lded  from 
e x t e r n a l  RF f i e l d s  and housed i n  a 
c a b i n e t  capable  of being mounted i n  
a s t anda rd  19 inch r e l a y  rack .  
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The b a s i c  des ign  of  che shipboard r e c e i v e r  i s  the  same a s  t h a t  p rev ious ly  

developed by the  au tho r  f o r  u s e  i n  a n  ionospher ic  sounding system a t  Wallops 

I s l a n d  i n  1964. The des ign  and c o n s t r u c t i o n  of t he  tunable  RF a m p l i f i e r  

s e c t i o n  r e p r e s e n t s  t he  major depa r tu re  from t h e  o r i g i n a l  des ign .  The 

fol lowing i s  a d i s c u s s i o n  of  t h e  des ign  of  a l l  r e c e i v e r s  from t h e  f i r s t  used 

a t  Wallops t o  t he  l a t e s t  a d d i t i o n s  f o r  use a t  t h e  Un ive r s i t y  of  I l l i n o i s .  

The o r i g i n a l  des ign  concept  of  t h e  r e c e i v e r  was based upon the  use of 

C l e v i t e  ceramic l adde r  f i l t e r s  a s  the  bandpass determining element .  However, 

l a b o r a t o r y  t e s t i n g  proved t h a t  t he  f i l t e r s  a r e  no t  adaptab le  t o  use i n  a 

pu l se  rece iver- - r inging  of  che f i l t e r s  a f t e r  a pu lse  i s  app l i ed  cont inued 

f o r  a t i m e  much g r e a t e r  than t h a t  expected f o r  t he  de l ay  i n  r ecep t ion  of  

ionospher ic  echoes.  The re fo re ,  t he  use of many-section f i l t e r s  t o  determine 

the  bandpass of  t he  r e c e i v e r  was d i scarded  i n  f avo r  of t he  more s imple system 

of cascaded s ing le- tuned  a m p l i f i e r  s t a g e s .  A complete d e s c r i p t i o n  of  the 

f i l t e r s ,  a m p l i f i e r s ,  and r e s u l t s  ob ta ined  w i t h  the  f i l t e r s  i s  found l a t e r  . 

i n  t h i s  chap te r  ~ 

The r e c e i v e r  des ign  f i n a l l y  chosen fo l lows  f a i r l y  convent iona l  super-  

heterodyne des ign  techniques .  For an  i n p u t  s i g n a l  of 1 . 0  microvol t  a t  50 

ohms t o  produce a 10 v o l t  ou tpu t  a t  10,000 ohms, a power g a i n  of  a t  l e a s t  117 

dB is  r equ i r ed  i n  t he  r e c e i v e r .  To achieve t h i s  h igh  g a i n  wi th  optimum 

s t a b i l i t y ,  t h e  r e c e i v e r  was designed f o r  t h e  fo l lowing  g a i n  pe r  s t a g e :  

RF Ampl i f ie r  20 dB 

Mixer 10 dB 

I F  Ampl i f ie rs  20 dB each ,  80 dB t o t a l  f o r  4 s t a g e s  

De tec to r  -10 dB (loss) 

DC Ampl i f ie r  20 dB 

Maximum Receiver  Gain 120 dB 
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To avoid problems of  s t r o n g  adjacent- channel  s i g n a l  crossmodulat ion,  

t h e  g a i n  preceding the  bandwidth-determining I F  a m p l i f i e r  cha in  was pur- 

posely kept  l o w .  

Design and c o n s t r u c t i o n  of t h e  r e c e i v e r  has  followed a t w o -p a r t  program, 

t h a t  of  des ign  and development of an experimental  p ro to type  r e c e i v e r  and the  

subsequent des ign  and development of t h e  c u r r e n t  series of r e c e i v e r s .  The 

i n c l u s i o n  of  a blanking c i r c u i t  t o  block the  r e c e i v e r  i npu t  dur ing  t r a n s m i t t e r  

ope ra t i on  and improvements i n  t h e  power supply and DC a m p l i f i e r  s t a b i l i t y  

were the  on ly  major i t e m s  of e l e c t r i c a l  change between the  pro to type  and 

ope ra t i ona l  r e c e i v e r .  Design and c o n s t r u c t i o n  of  t he  pro to type  r e c e i v e r  

were accomplished dur ing  t h e  months of  November and December, 1963 and a 

p o r t i o n  of January ,  1964. The f i r s t  Ionospher ic  Sounding Receiver  (ISR-1) 

was cons t ruc t ed  dur ing  the  months of January,  February,  and March of 1964. 

Subsequent r e c e i v e r s  have been designed and cons t ruc t ed  a s  needed s i n c e  

March, 1964. 

Discuss ion  o f  t h e  des ign  of  t he  r e c e i v e r  i s  d iv ided  i n t o  t h e  fol lowing 

s e c t i o n s ,  i n  which the  va r ious  u n i t s  a r e  descr ibed  i n d i v i d u a l l y :  

RF Ampl i f i e r ,  Mixer,  and Local O s c i l l a t o r  Unit  

I F  Ampl i f i e r ,  D e t e c t o r ,  and DC Ampl i f ie r  Unit  

Power Supply Uni t  

Receiver  Mechanical Design 

Receiver  Performance C h a r a c t e r i s t i c s  

Ea r ly  Receiver  Designs 

A f t e r  each gene ra l  d i s cus s ion  o f  t h e  u n i t  d e s i g n ,  t h e  i n d i v i d u a l  modules 

designed f o r  t he  e x i s t i n g  s i x  r e c e i v e r s  a r e  d i scussed  and d i f f e r e n c e s  between 

them a r e  o u t l i n e d .  A block diagram and photograph of t h e  complete r e c e i v e r  

a r e  found i n  Figures 3 . 1  and 3.2, r e s p e c t i v e l y .  

1 
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RF Ampl i f ie r ,  Mixer,  and Locail O s c i l l a t o r  Unit  -- 

The RP a m p l i f i e s ,  m'ixer,, and l o c a l  o s c i l l a t o r  c i r c u i t s  a s  w e l l  a s  t h e  

blanking pulse  g e n e r a t o r  s t a g e s  were a l l  incorpora ted  i n  one plug- in u n i t  

o f  t h e  r e c e i v e r ,  A l l  c i r c u i t r y  of  t he  u n i t  i s  cons t ruc t ed  on l / l6 - inch  

copper- clad c i r c u i t  boards ,  and s h i e l d  p l a t e s  a r e  used between each s t a g e  

t o  minimize i n t e r a c t i o n  and prevent  i n s t a b i l i t y ,  

The R$ a m p l i f i e r  s t a g e w a s  designed t o  ope ra t e  a s  a n e u t r a l i z e d  tuned 

a m p l i f i e r ,  u s ing  tuned t ransformers  f o r  impedance inatching and n e u t r a l i z a -  

t i o n  feedback'. 

Un ive r s i t y  of I l l i n o i s  personnel  using Cambridge Thermionic Corpora t ion  type 

1181 sh i e lded  c o i l  form and co re  assemblies  and no. 5-44 ' l i t z  w i r e ,  U s e  of 

t h e  C X  forin, l i t z  w i r e ,  and b i f i l a r  winding achieved c o e f f i c i e n t s  of 

coupl ing of approximately 0 . 9 ,  making double tun ing  of' t h e  t ransformers  

unnecessary.  N e u t r a l i z a t i o n  of t h e  RF a m p l i f i e r  is accomplished by feed-  

The t ransformers  have been desigced and cons t ruc t ed  by 

back t o  the  t r a n s i s t o r  base o f  a po r t i on  of a s i g n a l  which i s  181) degrees  

a u t  of  phase wi th  t h e  c o l l e c t o r  s i g n a l ,  The amqunt of feedback i s  c o n t r o l l e d  

by t h e  s i z e  of  t h e  n e u t r a l i z i n g  c a p a c i t o r  and t h e  t u r n s  r a t i o  between t h e  

c o l l e c t o r  and feedback windings,  To a s s u r e  c l o s e  coupl ing  between these  two 

windings,  t h e  n e u t r a l i z a t i o n  winding i s  a c t u a l l y  wound a s  a p o r t i o n  of t h e  

c o l l e c t o r  winding!, with t h e  c o l l e c t o r  E supply connected t o  a t a p  on t h i s  

winding. To a s s u r e  c l o s e  couplit lg between the  c o l l e c t o r  and output  windings,  

t h e  two a r e  b i f i l a r  wound, wi th  t he  secondary winding s t a r t i n g  a t  t h e  c o l l e c -  

t o r  DC supply t ap .  

A survey of  a v a i l a b l e  t r a n s i s t o r s  showed that.2N2483 t r a n s i s t o r s  were 

capable  of ach iev ing  t h e  low n o i s e  f i g u r e  r equ i r ed  i n  t he  2 t o  10 MHz f r e -  

quency range and w e r e  t h e r e f o r e  chosen f o r  u se  a s  t h e  RF a m p l i f i e r  and mixer 

* = .  
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t r a n s i s t o r s  i n  t he  r e c e i v e r .  I n  t he  i n t e r e s t  of  economy and s t a n d a r d i z a t i o n ,  

2N2483's a r e  also used i n  the  IF a m p l i f i e r  s t a g e s  of  t he  r e c e i v e r ,  

For optimum g a i n  and no i se  performance, the 2N2483 t r a n s i s t o r  base is  

matched t o  an  i npu t  impedance of 7,500 ohms and t h e  t r a n s i s t o r  i t se l f  is 

opera ted  a t  I = 1.0 mA (E b i a s ) .  The i n p u t  t ransformer  matches the base 

t o  a 50 ohm c o a x i a l  c a b l e ,  t h e  i npu t  t o  the  r e c e i v e r .  The g a i n  of  t h e  RE' 

a m p l i f i e r  s t a g e  i s  c o n t r o l l e d  over  a 25 dB dynamic range by vary ing  the  E€! 

base b i a s  of  t h e  2N2483. 

e 

The mixer s t a g e  a l s o  employs a 2N2483 t r a n s i s t o r  matched f o r  a base 

impedance of  7,500 ohms and Dc biased  f o r  Ie = 1.0 mA. 

i s  i n j e c t e d  t o  t he  base of  t h e  mixer t r a n s i s t o r  by t h e  ou tpu t  t ransformer  of  

the RF a m p l i f i e r  s t a g e .  The IF output  i s  t r a n s f e r r e d  from the  c o l l e c t o r  of  

the  mixer by means of a tuned t ransformer  t h a t  matches t he  IF s i g n a l  t o  a 

The RF i n p u t  s i g n a l  

100 ohm c o a x i a l  c a b l e  f o r  t ransmiss ion  t o  t he  IF a m p l i f i e r  module. The 

l o c a l  o s c i l l a t o r  s i g n a l  i s  i n j e c t e d  i n  t h e  e m i t t e r  c i r c u i t  o f  the mixer by 

means of an i s o l a t i n g  emitter fo l lower  t h a t  s h a r e s  a common emitter r e s i s t a n c e  

wi th  the  mixer t r a n s i s t o r .  This  emitter fo l l ower  s t a g e  aga in  uses  a 2N2483 

t r a n s i s t o r  a t  a DC b i a s  of  I = 1 . 0  mA. U s e  of the emi t te r- fo l lower  s t a g e  

minimizes the  p o s s i b i l i t y  of  t h e  l o c a l  o s c i l l a t o r  being "pulled" i n  frequency 

by a very s t r o n g  s i g n a l  a t  t h e  RF i n p u t  frequency o f  t he  r e c e i v e r .  

e 

The l o c a l  o s c i l l a t o r  s t a g e  uses  a 2N706 t r a n s i s t o r  i n  a C o l p i t t s  type  

of  c i r c u i t .  The c r y s t a l  i s  opera ted  i n  i t s  se r i e s- re sonan t  mode i n  series 

wi th  t h e  feedback pa th .  The amount of  feedback is  c o n t r o l l e d  wi th  a 

c a p a c i t i v e  vo l t age  d i v i d e r  s y s t e m  a c r o s s  t h e  c o l l e c t o r  tuned c i r c u i t .  Most 

s t a b l e  and r e l i a b l e  o p e r a t i o n  has  been achieved w i t h  approximately 15% feed- 

back vo l t age .  The o s c i l l a t o r  I32 c o l l e c t o r  vo l t age  i s  doubly r e g u l a t e d ,  f i rs t  
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by t h e  main +15 v o l t  r e g u l a t o r  and then by a l o  v o l t  zener  d iode ,  t o  a s s u r e  

s t a b l e  o p e r a t i o n  under a l l  c o n d i t i o n s .  The l o c a l  o s c i l l a t o r  ou tpu t  s i g n a l  

i s  a l s o  coupled to  the emi t t e r- fo l lower  s t a g e  by means of a c a p a c i t i v e  v o l t a g e  

d i v i d e r .  Approximately 1% of t h e  t o t a l  o s c i l l a t o r  c o l l e c t o r  s i g n a l  is  

requ i red  t o  g i v e  proper  i n j e c t i o n  t o  t h e  mixer,  a f f o r d i n g  a s t i l l  g r e a t e r  

degree  of i s o l a t i o n  f o r  t h e  o s c i l l a t o r .  

A f t e r  i n i t i a l  tes t  of the  r e c e i v e r  i n  a sounding s y s t e m  w i t h  a 50 Kw. pu l se  

t r a n s m i t t e r ,  i t  was found to  be q u i t e  d e s i r a b l e  t o  provide  some means of 

d i s a b l i n g  t h e  r e c e i v e r  dur ing  the  t r a n s m i t t e r  o p e r a t i o n  t i m e .  T h i s  is  neces-  

s a r y  no t  only  t o  p r o t e c t  t h e  RF a m p l i f i e r  t r a n s i s t o r  bu t  a l s o  t o  prevent  

the  r e c e i v e r  from s a t u r a t i n g  complete ly ,  a c o n d i t i o n  r e q u i r i n g  approximately 

200 us from which t o  recover .  The r e c e i v e r  b lanking c i r c u i t  prevents  these 

bad e f f e c t s  by s h o r t i n g  o u t  the  RF i n p u t  t o  the r e c e i v e r  dur ing t h e  t r a n s-  

m i t t e d  pu l se .  

A s i n g l e  2N697 i s  used a s  a shunt  switch between t h e  RF a m p l i f i e r  base 

and ground. A LO v o l t  p o s i t i v e  pu l se  app l i ed  t o  t h e  base of the 2N697 is 

s u f f i c i e n t  t o  d e a c t i v a t e  the r e c e i v e r  t o  a l l  bu t  s i g n a l s  on t h e  o r d e r  of  1 0  

t o  20 v o l t s .  To i n s u r e  p r o t e c t i o n  a g a i n s t  i n p u t  s i g n a l s  g r e a t e r  than 1 0  

v o l t s ,  two s i l i c o n  d iodes ,  H D ~ O O O ' S ,  a r e  connected d i r e c t l y  a c r o s s  the  base 

winding of t h e  i n p u t  t r ans fo rmer .  Under normal o p e r a t i n g  c o n d i t i o n s ,  t h e  

vo l t age  developed a c r o s s  the base winding is  much less than  the requ i red  

s i l i c o n  diode th resho ld  l e v e l  of 0.7 v o l t s  and the  r e c e i v e r  o p e r a t i o n  i s  

unaf fec ted  by t h e i r  presence.  However, when v o l t a g e s  g r e a t e r  than  0.7 

v o l t s  a r e  p r e s e n t  a c r o s s  the base winding, t h e  d iodes  conduct and e f f e c t i v e l y  

s h o r t  o u t  t h e  s i g n a l .  
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The blanking g a t e  g e n e r a t o r  i t se l f  i s  simply a monostable m u l t i v i b r a t o r  

t h a t  i s  t r i g g e r e d  by the  same pu l se  t h a t  t r i g g e r s  t h e  t r a n s m i t t e r .  The 

blanking g a t e  i s  normally set up f o r  a nominal o p e r a t i o n  t i m e  o f  150 p s ,  

bu t  any t i m e  from 50 p s  t o  s e v e r a l  mi l l i s econds  i s  r e a d i l y  ob t a inab le .  An 

i n v e r t e r  s t a g e  is  used ahead of t h e  "one-shot" so t h a t  the  c i r c u i t  w i l l  

t r igger from a s tandard  p o s i t i v e  pu l se .  A Darlington- connected emitter 

fo l lower  couples  t h e  blanking pulse  from t he  "one-shot'' t o  t h e  g a t e  t r a n s i s t o r .  

Cons t ruc t ion  of t he  RF a m p l i f i e r ,  mixer ,  and l o c a l  o s c i l l a t o r  s t a g e s  

fo l lows  convent iona l  c o n s t r u c t i o n  p r a c t i c e s  for high frequency des igns ;  a l l  

s i g n a l  l e a d s  a r e  kept  a s  s h o r t  a s  p o s s i b l e ,  ex t ens ive  s h i e l d i n g  is used t o  

s e p a r a t e  each RF c i r c u i t  from t h e  o t h e r s ,  a l l  DC and c o n t r o l  l i n e s  a r e  by- 

passed wi th  a s  s h o r t  l e a d s  a s  pos s ib l e .  The R F  c i r c u i t r y  board is  mounted 

i n  t he  upper compartment of  t h e  module, t h e  r e g u l a r  module c h a s s i s  being 

mounted i n  t h e  middle of  t h e  module t o  a c t  a s  both a s h i e l d  and mechanical 

suppor t  f o r  t he  c i r c u i t  boards.  The pu l se  c i r c u i t r y  of t h e  blanking g a t e  

gene ra to r  is  cons t ruc t ed  on another  copper- clad c i r c u i t  board which is 

mounted below the  module c h a s s i s .  

The RF inpu t  t o  t h e  r e c e i v e r  and t h e  RF g a i n  c o n t r o l  a r e  mounted on the  

upper p o r t i o n  of t h e  f r o n t  panel  and a r e  t he  on ly  c o n t r o l s  or connec tors  on 

t h e  f r o n t  pane l .  The r equ i r ed  DC vo l t ages  a s  w e l l  a s  t he  IF ou tpu t  and blank- 

i n g  g a t e  t r i g g e r  pu l se s  a r e  d i s t r i b u t e d  by means of  t he  connector  on t h e  r e a r  

of t h e  module. Various models of t he  RF a m p l i f i e r  module cons t ruc t ed  t o  

d a t e  a r e :  

RF- 1 

The RF- 1 module was t h e  f i r s t  module cons t ruc t ed  and is  t h e r e f o r e  the  

most s i m i l a r  t o  t h e  pro to type  model. I t  was o r i g i n a l l y  designed and b u i l t  

e 
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f o r  an i n p u t  frequency of 2.325 MHz and was used a t  t h a t  frequency i n  the 

Wallops I s l a n d  system f o r  6 months. A t  t h i s  t i m e ,  i t  w a s  converted t o  

o p e r a t e  a t  a frequency of 3.030 MHz by changing the  tun ing  of t h e  two t r a n s-  

formers a s s o s c i a t e d  wi th  the RF a m p l i f i e r  s t a g e  and t h e  tun ing  o f  t h e  o s c i l -  

l a t o r  a s  w e l l  a s  changing t h e  c r y s t a l  from 7.325 MHz t o  8.030 MHz. The 

RF-1 was used on board t h e  USMS Croatan Mobile Launch F a c i l i t y  i n  a p a r t i a l  

r e f l e c t i o n  and v e r t i c a l  inc idence absorp t ion  sounding system. 

RF-2 

The BF-2 module a s  o r i g i n a l l y  cons t ruc ted  was i d e n t i c a l  t o  t h e  RF-1, 

and was t o  s e r v e  a s  a back-up module f o r  t h e  Wallops I s l a n d  p a r t i a l  reflec-  

t i o n  sys t em.  I t ,  t o o ,  was i n i t i a l l y  designed and cons t ruc ted  f o r  o p e r a t i o n  

a t  2.325 MHz, b u t  has  s i n c e  been converted t o  3.030 MMz for  use i n  a modified 

p a r t i a l  r e f l e c t i o n  sounder a t  Wallops I s l a n d .  The schemat ic  diagram of RE’-1 

and BF-2 modules is  found i n  Figure 3 . 3 .  

RF-3 

The BF-3 module represen ted  t h e  f irst  major d e p a r t u r e  from the proto-  

type des ign.  The W-3 module i s  a tunab le  u n i t  cover ing 2.00 t o  3.50 MMz. 

Three tuned c i r c u i t s  a r e  requ i red  t o  t r a c k  i n  the  2,OO t o  3.50  MHz range: the  

RF i n p u t  tuned c i r c u i t ,  t h e  mixer i n p u t  tuned c i r c u i t ,  and t h e  o s c i l l a t o r  

tuned c i r c u i t .  A t h r e e  gang, 365 pf p e r  s e c t i o n  a i r  v a r i a b l e  c a p a c i t o r  is  

used a s  t h e  tun ing  device .  

Tunable o p e r a t i o n  a l s o  requ i red  redes ign  o f  the o s c i l l a t o r  c i r c u i t .  

S ince  t h e  frequency range was so wide,  i t  w a s  no longer  f e a s i b l e  t o  use  a 

c a p a c i t i v e  vo l t age  d i v i d e r  t o  o b t a i n  the feedback vo l t age .  A tuned t r a n s-  

former of the type used i n  the  o t h e r  RF c i r c u i t r y  w a s  used wi th  a t a p  to  

o b t a i n  the  necessary  feedback vo l t age .  The c r y s t a l  i n  the  feedback pa th  was 

. .  . ”. 
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rep laced  wi th  a r e s i s t a n c e ,  t h e  value o f  which c o n t r o l s  t h e  feedback c u r r e n t ,  

A secondary winding on t h e  o s c i l l a t o r  c o i l  p rovides  t he  i n j e c t i o n  s i g n a l  t o  

t h e  mixer.  Because of t h e  wide bandwidth o f  t h e  r e c e i v e r ,  it has  no t  been 

found t o  be necessary  t o  s t a b i l i z e  t h e  o s c i l l a t o r  beyond the p recau t ions  

a l r eady  o u t l i n e d .  The emit ter  fo l l ower  s t a g e  was a l s o  d e l e t e d  f o r  t h i s  

reason .  The b i g g e s t  problem wi th  a tunable  r e c e i v e r  w i thou t : any  form of  

au tomat ic  g a i n  c o n t r o l  ha s  been t h a t  t h e  g a i n  of  t h e  RF a m p l i f i e r  v a r i e s  

wi th  frequency,  a s  w e l l  i t  shou ld ,  s i n c e  g a i n  of  t h e  a m p l i f i e r  is  propor-  

t i o n a l  t o  c i r c u i t  Q. 

The tunable  h i t  i s  v a s t l y  d i f f e r e n t  mechanica l ly  from e a r l i e r  models 

i n  t h a t  i t  i s  cons t ruc t ed  on 1/8-inch t h i c k  copper- clad c i r c u i t  board and 

t h e  components a r e  arranged i n  an e n t i r e l y  d i f f e r e n t  l a y o u t ,  The phys i ca l  

con f igu ra t i on  o f i t h e  tun ing  c a p a c i t o r  r e q u i r e s  a stage-by- stage layout  so 

t h a t  each c i r c u i t  is nea r  i t s  own s e c t i o n  of  t h e  tun ing  c a p a c i t o r .  This  

r e s u l t s  i n  a much more compact though less e a s i l y  s e rv i ced  l ayou t  than t h a t  

of  p rev ious  modules, The c i r c u i t  board of t h e  RF-3 i s  mounted v e r t i c a l l y  i n  

the  module i n s t e a d  of i n  the usua l  h o r i z o n t a l  mounting. The blanking g a t e  

gene ra to r  of the RF-3 is l o c a t e d  a t  the r e a r  of the RF c i r c u i t  board. The 

c o n t r o l s  and connectors  l oca t ed  on the  f r o n t  panel  of the RF-d a r e  the tuning 

d i a l ,  RF ga in  c o n t r o l ,  and the RF i n p u t .  Tne RF-3 was used on board the  USNS 

Croa tan  Mobile Launch F a c i l i t y  . 

RF-4 

A s  wi th  t he  RF-2, t he  RF-4 i s  i d e n t i c a l  to t he  RF-3, designed t o  s e rve  

a s  a back-up module. I t ,  t oo ,  was aboard t he  USNS Croatan.  The schematic  

diagram of t he  RF-3 and RF-4 modules i s  found i n  Figure 3 .4 .  
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RF-5 

The RF-5 r e p r e s e n t s  a complete redes ign  of  the  r e c e i v e r  system because 

of t h e  need f o r  a r e c e i v e r  t o  cover  from 3.00 t o  8.00 MHz. This  frequency 

range d i c t a t e d  t h a t  t h e  IF frequency be changed from 5.00 lMHz to 11.5 MHz 

and t h a t  a l l  R F  a m p l i f i e r ,  mixer ,  and o s c i l l a t o r  c i r c u i t r y  bz modified 

accord ing ly ,  

The RF-5 i s  a tunab le  RF a m p l i f i e r  module designed i n  the  same manner 

as RF-3 and RF-4. I t  i s  capable  o f  tuning t h e  range of 3.30 GO 6 . 3 0  MHz. 

I t  i n c o r p o r a t e s  t h e  same type %of 365 pf t h r e e  gang a i r  v a r i a b l e  c g p a c i t o r  a s  

used p rev ious ly .  The blanking g a t e  g e n e r a t o r  is  d e l e t e d  f r o m  t h i s  u n i t  and 

the  2N697 blanking t r a n s i s t o r  i n p u t  9 s  connected d i r e c t l y  t o  t h e -b l a n k i n g  

connector  on t h e  r e a r  o f  t h e  mani fo ld .o f  the  r e c e i v e r .  The tunling d i a l ,  RF 

g a i n  c o n t r o l  ~ RF i n p u t ,  and o s c i l i a t o q  o u t p u t  connectors  a r e  l o c a t e d  'on Lhe 

f r o n t  pane l .  S i n c e  the r e c e i v e r  l o c a l  o s c i l l a t o r  s i g n a l  i s  requ i red  lor 

synchroniz ing purp3ses ,  an  a d d i t i o n a l  emi t t e r- fo l lower  s t a g e  i s  incorpDrated 

f o r  i s o l a t i o n  pdrp3ses.  Tile HF-5 i s  c u r r e n t l y  i n  u s e  i n  a pu l se  compression 

sounder a t  t h e  U n i v e r s i t y  of  I l l i n o i s .  The schemat ic  diagram of  t h e  RF-5 

mo"d1e i s  found i n  F i g u e  3 . ~ -  

RF-6 

The RF-6 module i s  a u n i t  a e s i g m d  101. ct 1 . ~ 2 2 5  MHe sounding r e c e i v e r  

f o r  m e  i n  con junc t ion  wi th  a d i i i e r e n t i n l  absorpLion rockdt  exporiment a t  

PL. C h u r c h i l l ,  Canada i n  the s p r i n g  of  1 9 ~ 6 .  Ionospher ic  sounding i s  dsecl i n  

the  d i f f e r e n t i a l  dbsorp t ion  experiment as a m e - a n s  o f  c o r r e c t l y  a l i g n i n g  t h e  

t r a n s m i t t i n g  antennas  j'or o y d i i i a r y  and ex t raord inary  nwdes of c i r c u l a r  p l a r i -  

z a t i o n .  The c i r c u i t r y  of  t h e  RF-6 m3dule i s  i d e n t i c a l  t o  t h a t  used i n  RF-1 

and RF-2 with  the change, i n  c e n t e r  frequency naked ab3ve. The RF a m p l i f i e r  

i 
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inpu t  and mixer input  tuned c i r c u i t s  are resona ted  a t  7,9925 NBIz and t h e  

c r y s t a l  o s c i l l a t o r  is tuned t o  12,9225 MHz. S ince  t h e  c i r c u i t r y  of RF-6 

is  t h e  same as t h a t  of RF-1 and RF-2, a s e p a r a t e  schematic  diagram i s  n o t  

inc luded  f o r  t h i s  u n i t .  

Fu ture  planning i n d i c a t e s  t h a t  one more r e c e i v e r  i s  r equ i r ed  f o r  u s e  i n  

conjunc t ion  wi th  t h e  d i f f e r e n t i a l  abso rp t ion  experiment,  Two RF a m p l i f i e r  

modules a r e  r equ i r ed  f o r  t h i s  receiver--one w i t h  a c e n t e r  frequency of 

2.225 MHz and one wi th  a c e n t e r  f requency of 3.385 MJ.-Iz. These u n i t s  w i l l  be 

cons t ruc t ed  i n  t h e  near  f u t u r e .  

I F  Ampl i f ie r ,Detec tor ,  and DC Amplif ier  Unit  

The I F  a m p l i f i e r ,  d e t e c t o r ,  and DC a m p l i f i e r  s t a g e s ,  as w e l l  a s  an out-  

put  p o l a r i t y  r eve r s ing  r e l a y  and r e l a y  d r i v e r  c i r c u i t ,  are a l l  incorpora ted  

i n  one plug- in u n i t  of t h e  r ece ive r .  A l l  c i r c u i t r y  of t h e  u n i t  i s  cons t ruc t ed  

on 1/16-inch copper- clad c i r c u i t  boards and is  d iv i ed  so t h a t  t h e  I F  ampli- 

f i e r  s t a g e s  and d e t e c t o r  s t a g e  are cons t ruc t ed  on t h e  upper board and t h e  DC 

a m p l i f i e r  and p o l a r i t y  r e v e r s i n g  s t a g e s  a r e  cons t ruc t ed  on t h e  lower board, 

The IF  a m p l i f i e r  p o r t i o n  of t h e  r e c e i v e r  c o n s i s t s  of fou r  n e u t r a l i z e d  

tuned a m p l i f i e r  s t a g e s  aga in  u s ing  s ing le- tuned  t ransformers  t o  achieve 

n e u t r a l i z a t i o n  and impedance matching. The input  t ransformer  matches t h e  

100 ohm c o a x i a l  c a b l e  from t h e  RF a m p l i f i e r  module t o  t h e  base of t h e  f i r s t  

t r a n s i s t o r  a m p l i f i e r ,  Three i n t e r s t a g e  coupl ing  t r ans fo rmer s  are used,  one 

between each a m p l i f i e r  s t age ,  The output  t ransformer  matches t h e  c o l l e c t o r  

of t h e  ou tput  t r a n s i s t o r  a m p l i f i e r  t o  t h e  d e t e c t o r  system, 

A f requency of 5,O MHz w a s  chosen f o r  t h e  IF frequency because of t h e  

wide bandwidth r equ i r ed  of t h e  r ec i eve r .  I f  a f requency of approximately 

1.0 MHz w e r e  used,  t h e  loaded Q of each tuned c i r c u i t  would have t o  be much 
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t oo  low (15 or less) t o  a l low f o r  any s k i r t  s e l e c t i v i t y .  The o v e r a l l  I F  

bandwidth i s  50 kHz. Using f i v e  s ing l e- tuned ,  i s o l a t e d  t r ans fo rmer s ,  the  

bandwidth of  each t ransformer  must be 50/.386 = 130 kHz (Landee e t  . a l , ,  1957). At 

a center frequency of 5.0 MHz, a loaded Q of  38 w i l l  r e s u l t  i n  t h i s  band- 

-- 

width.  A Q of 38 i s  r e a d i l y  ob t a inab le  from the  CTC c o i l s  and al lows f o r  

f a i r l y  s t e e p  s k i r t  s e l e c t i v i t y .  

As i n  t h e  RF a m p l i f i e r  and mixer s t a g e s ,  2N2483 t r a n s i s t o r s  were used a s  

a m p l i f i e r  t r a n s i s t o r s .  U s e  of t h i s  t r a n s i s t o r  s i m p l i f i e s  d e s i g n ,  reduces to 

a minimum the  number of  spa re  t r a n s i s t o r s  to be kept  i n  s t o c k ,  and,  most 

important  of  a l l ,  g ives  a very  low no i se  h igh  g a i n  I F  a m p l i f i e r  s y s t e m .  As 

be fo re ,  t h e  2M2483 i s  DC biased f o r  Ie = 1 .0  mA. 

a m p l i f i e r  cha in  is accomplished by varying the  base b i a s  of t he  f i r s t  and 

t h i r d  a m p l i f i e r s .  The o v e r a l l  dynamic range of the I F  g a i n  c o n t r o l  is  

approximately 45 dB. 

Gain c o n t r o l  of  t he  I F  

The d e t e c t o r  s t a g e  c o n s i s t s  of f o u r  matched 1NB3A germanium diodes  

connected i n  a full-wave br idge  c i r c u i t .  Th i s  c i r c u i t  was chosen over  t h e  

more convent iona l  half-wave d e t e c t o r  s y s t e m  because of t h e  i nhe ren t  reduc- 

t i o n  i n  pu l se  d i s t o r t i o n  wi th  t he  full-wave s y s t e m .  The i n i t i a l  d e t e c t o r  

des igns  used 1N914 s i l i c o n  d i o d e s ,  but  t he  t h r e sho ld  vo l t age  of  t he  s i l i -  

con diodes (.7 v o l t  t y p i c a l l y )  was found t o  be too  h igh  f o r  good d e t e c t o r  

e f f i c i e n c y .  Germanium d i o d e s ,  wi th  t h e i r  lower t h r e sho ld  vo l t age  (about 0.2 

v o l t s )  gave a marked improvement i n  t h e  s t a g e  e f f i c i e n c y .  Temperature 

s t a b i l i t y  of  t he  germanium diodes  i s  not  a problem because t h e  r e l a t i v e l y  

h igh  load impedance used (10 kilohms) makes changes i n  diode forward resis- 

tance  (100 t o  200 ohms) i n s i g n i f i c a n t ,  and changes i n  diode r eve r se  impedance 

a r e  cance l l ed  by the  br idge  c i r c u i t ,  p a r t i c u l a r l y  i f  t he  d iodes  a r e  matched. 
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The de t ec t ed  s i g n a l  i s  of an average l e v e l  of  0.5 v o l t s ,  s u f f i c i e n t l y  h igh  

t o  be e a s i l y  ampl i f ied  by the  DC a m p l i f i e r  s t a g e .  

A s tandard  d i f f e r e n t i a l  a m p l i f i e r  i s  used i n  the Dc a m p l i f i e r  s t a g e .  

The d i f f e r e n t i a l  a m p l i f i e r  was o r i g i n a l l y  designed f o r  a matched p a i r  of 

2N697 t r a n s i s t o r s .  However, p rovid ing  means f o r  keeping both t r a n s i s t o r  case  

temperatures  t h e  same, which is necessary  t o  avoid temperature  d r i f t  problems, 

was found t o  be i m p r a c t i c a l ,  Temperature d r i f t s  of s e v e r a l  v o l t s  over  t he  

per iod  of  an hour were measured, due e n t i r e l y  t o  f l u c t u a t i o n s  i n  ambient 

temperature .  This  problem has been e l imina t ed  almost e n t i r e l y  by us ing  an 

MD1120 dua l  matched t r a n s i s t o r  dev ice  i n  the d i f f e r e n t i a l  a m p l i f i e r .  The 

MD1120 c o n s i s t s  of  two c l o s e l y  matched ( a l l  parameters  w i th in  1%) NPM s i l i c o n  

t r a n s i s t o r s  i n  one TO-5 ca se .  S ince  both semiconductors a r e  i n  one package, 

d i f f e r e n t i a l  temperature  d r i f t s  a r e  nea r ly  imposs ib le .  A 2N697 i s  used a s  a 

1 . 0  ma cons t an t  c u r r e n t  source  i n  the  emitter c i r c u i t  of t he  d i f f e r e n t i a l  

a m p l i f i e r  to a s s u r e  high common-mode r e j e c t i o n .  A 2N1131 t r a n s i s t o r  is used 

a s  an i n v e r t e r  and DC l e v e l - s h i f t i n g  s t a g e  fol lowing the  d i f f e r e n t i a l  ampli- 

f i e r .  The requi rementsof  t he  p a r t i a l  r e f l e c t i o n  s y s t e m  a r e  such t h a t  i t  

must be p o s s i b l e  t o  i n v e r t  the  r e c e i v e r  ou tpu t .  This  is  very simply achieved 

by switching t h e  i npu t  of t h e  2N1131 s t a g e  from one c o l l e c t o r  of  t h e  d i f f e r -  

e n t i a l  a m p l i f i e r  t o  t he  o t h e r .  A r e l a y  is used f o r  t h i s  swi tch ing  f u n c t i o n ,  

s i n c e  t h e  p o l a r i t y  r e v e r s a l  is  e l e c t r o n i c a l l y  c o n t r o l l e d  by the  t iming and 

c o n t r o l  s y s t e m .  To avoid any problems t h a t  might a r i s e  from r e l a y  swi tch ing  

t r a n s i e n t s ,  a r e l a y  d r i v e r  s y s t e m  i s  b u i l t  i n t o  t h e  r e c e i v e r .  This  c i r c u i t  

c o n s i s t s  of a 2N1711 series swi tch  t r a n s i s t o r  and a 2N1131 a m p l i f i e r / i n v e r t e r  

s t a g e .  Ex te rna l  c o n t r o l  is  accomplished by simply connect ing t h e  base of  t he  
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2N1131 t o  common ground. The r e l a y  may a l s o  be a c t i v a t e d  by a panel- 

mounted swi t ch ,  t hus  provid ing  manual c o n t r o l  o f  t he  r e c e i v e r  ou tpu t  p o l a r i t y .  

Front  panel  c o n t r o l s  and connectors  on the  u n i t  a r e  t he  I F  'gain c o n t r o l ,  

DC ou tpu t  connec tor ,  and o u t p u t  p o l a r i t y  swi tch .  The I F  i n p u t ,  r e l a y  c o n t r o l  

c i r c u i t ,  and a l l  supply vo l t ages  a r e  supp l i ed  through the  connector  a t  the  

r e a r  o f  the  module. The va r ious  models of  t he  IF/D@ Ampl i f ie r  module 

cons t ruc t ed  t o  d a t e  a r e :  

IF-1 

The IF-1 module was t h e  f i r s t  of  t h e  modules cons t ruc t ed  and i s  the re-  

f o r e  q u i t e  s i m i l a r  t o  t he  pro to type  r e c e i v e r .  I t  is  p r e s e n t l y  i n  use a t  

Wallops I s l a n d  i n  a p a r t i a l  r e f l e c t i o n  system. 

IF-2 

The IF-2 module was cons t ruc t ed  a t  t he  same t i m e  a s  IF-1 t o  s e r v e  a s  a 

back-up f o r  IF-1 a t  Wallops I s l a n d ,  where i t  was used u n t i l  J u l y ,  1964. A t  

t h i s  t i m e ,  IF-2 was r e tu rned  t o  t he  Un ive r s i t y  of  I l l i n o i s  t o  be used a s  a 

test  module i n  conjunc t ion  wi th  t he  des ign  and development of  t he  tunable  

RF Amplif ier  modules, RF-3 and BF-4. I t  is  s t i l l  being used a t  t he  Un ive r s i t y  

a s  a gene ra l  tes t  module. The schematic  diagram of  t h e  IF-1 and IF-2 modules 

i s  found i n  Figure 3 .6 .  

IF-3 

The IF-3 module is  the  f i r s t  depa r tu re  from the  o r i g i n a l  des ign  and 

c o n s t r u c t i o n  a s  used i n  IF-1 and IF-2. The changes were a l l  mechanical i n  

na tu re  and were made t o  f a c i l i t a t e  s e r v i c i n g  and ope ra t i on .  The p a r t s  lay-  

o u t  of IF-3 remained e s s e n t i a l l y  t h e  same a s  b e f o r e ,  bu t  t he  two c i r c u i t  

boards were r o t a t e d  90 degrees  so t h a t  they a r e  both v e r t i c a l  i n  t he  module, 

but  a r e  s t i l l  sepa ra t ed  by the  h o r i z o n t a l  module c h a s s i s .  Th i s  arrangement 
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al lows access  t o  e i t h e r  s i d e  of  the  c i r c u i t  board ,  making i t  unnecessary t o  

remove t h e  boards when s e r v i c i n g  or modifying. A d d i t i o n a l l y ,  t h e  DC balance 

c o n t r o l  and t h e  DC l e v e l  c o n t r o l s  were changed t o  ten- turn t r i m m e r  p o t e n t i-  

ometers and mounted on the  f r o n t  pane l .  U s e  o f  t h e  t en- turn  t r i m m e r s  a l lows  

a much more a c c u r a t e  adjus tment  o f  t h e s e  c o n t r o l s ,  and p l a c i n g  them on t h e  

f r o n t  panel  makes i t  unnecessary t o  remove t h e  module from t h e  manifold t o  

a d j u s t  t h e  DC a m p l i f i e r s .  Th i s  i s  e s p e c i a l l y  important  s i n c e  a l l  ampli-  

f i e r  adjus tments  must  be made under o p e r a t i n g  temperature  c o n d i t i o n s ,  a 

c o n d i t i o n  chat  cannot be r e a l i z e d  u n l e s s  the  module i s  i n  th? manifold.  

S ince  t h e  boards a r e  v e r t i c a l l y  mounted i n  che module, 1 t was necessary  to  

d r i l l  v e n t i l a t i o n  h o l e s  i n  t h e  boards themselves t o  a l low the  v e n t i l a t i n g  

a i r  s t ream t o  f low through the  module. The IF-3 module was used on board 

the  USNS Croatan Mobile Launch F a c i l i t y .  

IF-4 

The IF-4 module was c o n s t r u c t e d  t o  s e r v e  a s  a back-up t o  IF-3 aboard t h e  

s h i p .  The schemat ic  diagram of  t h e  IF-3 and IF-4 modules is the  same a s  t h a t  

of IF-1 and ‘IF-2 and IS a l s o  found i n  F i g u r e  3 . 6 .  

IF-5 

A s  wi th  RF-5, the IF-5 iiiodulc r e p r e s e n t s  :i rnajor depar tu re  from the 

des ign  of the  o r i g i n a l  I F  air ipl if ier  module. The requ i red  c e n t e r  frequency 

o f  11.50 MHz and new bandwidth of 100 I<Hz niaccssi tatet i  a complete Yedesign of 

t h e  tuned t rans formers  and t h e i r  tuning components. Other  than t h e  above 

t rans former  and tun ing  changes ,  t h e  I F  a m p l i f i e r  stages a r e  the  same i n  

des ign  and c o n s t r u c t i o n  a s  i n  previous  modules. The I F  a m p l i f i e r  s t r i p  i s  

constri1cted on copper- clad c i r c u i t  board and t h i s  board is  mounted hor izon-  

t a l l y  above the inodule cliassis :IS \+as the case i n  IF-1 and IF-2. The lower 
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deck p o r t i o n  of  t h e  IF-5 i s  used f o r  a mixer and bandpass f i l t e r  s y s t e m  f o r  

t h e  pu lse  compression sys t em.  The d e t e c t o r ,  DC a m p l i f i e r ,  and r e l a y  and 

r e l a y  d r i v e r  c i r cu i t s  a r e  d e l e t e d  from t h i s  module because they a r e  no t  

needed wi th  t h i s  system. The IF-5 i s  c u r r e n t l y  i n  use i n  a pu l se  compression 

system a t  t h e  Un ive r s i t y  of  I l l i n o i s .  The schematic  diagram o f  t he  IF-5 

module i s  found i n  Figure 3.7. 

IF-6 

The IF-6 module is  the  l a t e s t  r e c e i v e r  module cons t ruc ted  and incorpor-  

a t e s  many improved c i r c u i t s  ove r  those used i n  t he  o r i g i n a l  I F  a m p l i f i e r  

modules. These improvements a r e  : 

( a )  Incorpora t ion  o f  >a ga in  c o n t r o l  s y s t e m d t h a t . i s  e a s i l y  c o n t r o l l e d  
wi th  an  AGC vo l t age .  

(b) Modi f ica t ion  of  the  g a i n  c o n t r o l  c i r c u i t r y  and ope ra t i ng  p o i n t s  of 
t h e  IF  a m p l i f i e r  s t a g e s  t o  minimize ga in  v a r i a t i o n  wi th  temperature .  

( c )  A completely new DC a m p l i f i e r  s y s t e m  t h a t  i nco rpo ra t e s  feedback 
s t a b i l i z a t i o n  and improved bandwidth. 

(d) Inco rpo ra t i on  of a r e l a y  s y s t e m  so t h a t  t h r e e  consecut ive  pu l se  
t r a c e s  can be d i sp layed  a t  d i f f e r e n t  p o s i t i o n s  on the  o s c i l l o s c o p e  
sc r een .  

The g a i n  c o n t r o l  s y s t e m  used i n  t h e  o r i g i n a l  r e c e i v e r  provided ant adee 

q u a t e l y  wide dynamic range but  p resen ted  s e r i o u s  drawbacks i n  a number of l a t e r  

a p p l i c a t i o n s .  The b i g g e s t  d i sadvantages  of  t h e  base- bias  g a i n  c o n t r o l  s y s t e m  

were the  d i s t o r t i o n  of  t h e  s i g n a l  waveform a t  low g a i n  s e t t i n g s  and v a r i a t i o n  

of a m p l i f i e r  g a i n  s t a b i l i t y  w i t h  temperature .  A d d i t i o n a l l y ,  t he  b i a s  c o n t r o l  

system was no t  r e a d i l y  adap tab l e  f o r  c o n t r o l  by an AGC system, a s  i s  r equ i r ed  

f o r  use i n  t h e  au tomat ic  abso rp t ion  record ing  s y s t e m  (Appel and Bowhil l ,  

1965).  The g a i n  c o n t r o l  c i r c u i t s  developed f o r  use i n  IF-6 a r e  shunt  a t t enu-  

a t o r s  connected a c r o s s  t he  i n p u t  t o  t h e  f i r s t  and t h i r d  I F  a m p l i f i e r  slcages. 
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The maximum ga in  of t h e  IF  a m p l i f i e r  cha in  is  s t i l l  c o n t r o l l e d  by t h e  base- 

b i a s  c o n t r o l  used prev ious ly  and i t s  s e t t i n g  i s  chosen f o r  optimum gain-  

temperature  s t a b i l i t y  of t h e  o v e r a l l  IF  a m p l i f i e r  gain.  Va r i a t i on  of t h e  

c o n t r o l  b i a s  supp l i ed  t o  t h e  shunt  a t t e n u a t o r s  permits  t h e  IF a m p l i f i e r  

o v e r a l l  g a i n  t o  be va r i ed  from maximum t o  approximately 40 dB of a t t e n u a t i o n  

below maximum g a i n ,  

The temperature  i n s t a b i l i t y  of t h e  base- bias  c o n t r o l  system prev ious ly  

used was t r a c e d  t o  temperature  i n s t a b i l i t y  of t h e  h of t h e  a m p l i f i e r  t r a n s-  

i s t o r s  a t  very low c o l l e c t o r  c u r r e n t s .  T h i s  is p a r t i c u l a r l y  t r u e  of a h igh  

h f e  

a m p l i f i e r s  showed t h a t  maximum temperature  s t a b i l i t y  is  achieved wi th  c o l l e c t o r  

f e  

t r a n s i s t o r  such a s  t h e  2N2483. Experimentation wi th  t h e  2N2483 t r a n s i s t o r  

c u r r e n t s  on t h e  o rde r  of 1 .0  t o  1.5 m a .  S ince  t h e  optimum no i se  f i g u r e  of 

t h e  2N2483 is achieved a t  c o l l e c t o r  c u r r e n t s  around 1 .0  ma, t h e  b i a s  f o r  

a l l  IF a m p l i f i e r  t r a n s i s t o r s  is  ad jus t ed  t o  o b t a i n  c o l l e c t o r  c u r r e n t s  i n  

t h i s  range. The b i a s  on t h e  f i r s t  and t h i r d  a m p l i f i e r s  i s  ad jus t ed  by means 

of t h e  Coarse Gain Cont ro l  f o r  b e s t  temperature  s t a b i l i t y  and no i se  f i g u r e  

of t h e  e n t i r e  IF a m p l i f i e r  cha in ,  and t h i s  s e t t i n g  determines t h e  maximum 

ga in  of t h e  IF ampl i f i e r .  Reduction of I F  g a i n  from t h e  maximum ga in  is  

c o n t r o l l e d  by shunt  a t t e n u a t o r s  on t h e  f i r s t  and t h i r d  a m p l i f i e r  s t a g e s .  

A 2N697 t r a n s i s t o r  is  used as  t h e  shunt  a t t enua to r- - the  c o l l e c t o r  t o  

emitter r e s i s t a n c e  and t h e r e f o r e  t h e  shunt  r e s i s t a n c e  ac ros s  t h e  s i g n a l  

pa th  is  c o n t r o l l e d  by vary ing  t h e  base b i a s  of t h e  2N697. A 2N697 cons t an t  

c u r r e n t  source  i n  series wi th  t h e  emit ter  DC r e t u r n  OP t h e  shunt  t r a n s i s t o r  

minimizes t h e  e f f e c t s  of h v a r i a t i o n s  of t h e  shunt  t r a n s i s t o r  wi th  tempera- 

t u r e ,  Cont ro l  of t h e  b i a s  v o l t a g e  t o  t h e  shunt  t r a n s i s t o r  from 5.5 t o  15 

v o l t s  v a r i e s  t h e  ga in  of t h e  IF a m p l i f i e r  from maximum t o  approximately 40 dB 

f e  

d 
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below maximum g a i n .  Two a t t e n u a t o r s  c i r c u i t s  a r e  r equ i r ed  t o  ach ieve  t h i s  

dynamic range. The g a i n  of  t h e  IF  a m p l i f i e r  is  va r i ed  by means of  e i t h e r  a 

panel-mounted 10 t u r n  po ten t iometer  or an e x t e r n a l  c o n t r o l  vo l t age  of  t h e  

range mentioned above. 

The DC a m p l i f i e r  c i r c u i t  used i n  t h e  o r i g i n a l  r e c e i v e r  des ign  was 

s t a b i l i z e d  a s  mentioned p rev ious ly  wi th  a matched dua l  t r a n s i s t o r ,  bu t  

f u r t h e r  improvement i n  temperature  s t a b i l i t y  and bandwidth has  been found 

t o  be q u i t e  d e s i r a b l e .  A d i f f e r e n t i a l  DC a m p l i f i e r  us ing  complementary 

t r a n s i s t o r s  i n  feedback pa i r s . (Bene teau ,  1961) was chosen because of  i t s  

g r e a t l y  improved temperature  c h a r a c t e r i s t i c s .  U s e  of t he  complementary 

c i r c u i t  a l lows  the  a m p l i f i e r  ou tpu t  t o  be independent of t r a n s i s t o r  h 

and dependent on ly  on the  c o l l e c t o r  load  r e s i s t o r s  and the  v a r i a t i o n s  i n  

base- to- emit ter  vo l t ages  between the  two NPN t r a n s i s t o r s  ( f i r s t  o r d e r  

f e  

approximation) .  U s e  of  the  MD1120 dua l  t r a n s i s t o r  f o r  t he  two NPN t r a n s i s t o r s  

reduced the  v a r i a t i o n  of  base- to- emi t te r  vo l t ages  of  t h e  two t o  a minimum 

and t h e r e f o r e  minimized g a i n  v a r i a t i o n s  of t he  a m p l i f i e r  wi th  temperature .  

A s  b e f o r e ,  a 2N697 cons t an t  c u r r e n t  source  i s  used i n  t he  emit ter  r e t u r n  

of the d i f f e r e n t i a l  a m p l i f i e r  t o  a s s u r e  h igh  common-mode r e j e c t i o n .  S ince  

t he  ou tpu t  DC l e v e l  of  t h e  r e c e i v e r  should be re fe renced  a t  z e r o  v o l t s  DC f o r  

ze ro  s i g n a l  i n p u t ,  i t  was necessary  t o  inc lude  a second d i f f e r e n t i a l  ampli-  

f i e r  s y s t e m .  This  func t ion  could have been performed by a s imple i n v e r t i n g  

a m p l i f i e r  a s  i n  t h e  o r i g i n a l  DC a m p l i f i e r  c i r c u i t ,  bu t  degrading of t he  

temperature s t a b i l i t y  of  t h e  a m p l i f i e r  would have r e s u l t e d .  Therefore ,  t h e  

i nve r s ion  and DC l e v e l - s h i f t i n g  f u n c t i o n  i s  performed by a d i f f e r e n t i a l  

a m p l i f i e r  very  s i m i l a r  t o  t h e  i n p u t  s t a g e  except  w i th  PNP i n s t e a d  of  NPN 

t r a n s i s t o r s  a s  t he  a m p l i f i e r  s t a g e s .  The zero- s igna l  DC r e f e r ence  of  t he  
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a m p l i f i e r  i s  ad jus t ed  by vary ing  the  emitter c u r r e n t  of  t h e  second a m p l i f i e r .  

Without feedback,  t he  two s t a g e  d i f f e r e n t i a l  a m p l i f i e r  has  an open-loop 

vo l t age  g a i n  of 750. Twenty-four dB of o v e r a l l  feedback was used to reduce 

t h e  ga in  of t h e  a m p l i f i e r  t o  45 and extend the  frequency response t o  100 kHz 

( + l o o % ) .  Symmetrical feedback i s  used from the  two d i f f e r e n t i a l  ou tpu t s  t o  

t h e  i n p u t s  of t h e  a m p l i f i e r  t o  a s s u r e  complete a m p l i f i e r  balance.  The 

p o l a r i t y  of  t h e  ou tput  s i g n a l  i s  chosen by s e l e c t i n g  wi th  a r e l a y  one or t he  

- 

o t h e r  of  t h e  second d i f f e r e n t i a l  a m p l i f i e r  o u t p u t s .  The r e l a y  d r i v e r  

c i r c u i t  is the  same a s  used i n  t h e  o r i g i n a l  r e c e i v e r  des ign .  

U s e  of t he  r e c e i v e r  i n  an  ionospher ic  d r i f t  s y s t e m  requi red  t h a t  t he  

r e f e r ence  l e v e l  of  t h e  r e c e i v e r  ou tpu t  be switched t o  t h r e e  d i f f e r e n t  

vo l t ages  so t h a t  t h r ee  concur ren t  s i g n a l s  could be d i sp layed  on an o s c i l l o -  

scope sc r een  and photographed. This  func t ion  i s  provided by means o f  two 

r e l a y s  and t h e i r  a s soc i a t ed  r e l a y  d r i v e r  c i r c u i t s .  These l e v e l - s h i f t i n g  

r e l a y s  change t h e  r e f e r ence  vo l t age  t o  t he  d i f f e r e n t i a l  a m p l i f i e r  from z e r o  

v o l t s ,  a s  is  the  case  normally,  t o  one o f  two predetermined b i a s  v o l t a g e s ,  

thereby s h i f t i n g  the ou tpu t  zero- s igna l  r e f e r ence  vo l t age  and d i s p l a c i n g  the 

t r a c e  on the  o s c i l l o s c o p e .  With both r e l a y s  unenergized,  t he  r e c e i v e r  func- 

t i o n s  normally wi th  t h e  ou tpu t  vo l t age  re fe renced  t o  dc ground. Energizing 

e i t h e r  r e l a y  s h i f t s  t h e  ou tpu t  r e f e r ence  t o  e i t h e r  a p o s i t i v e  or negat ive  

vo l t age  depending upon the  s e t t i n g  of  t h e  A-Trace or C-Trace P o s i t i o n  poten- 

t iome te r s ,  t hus  g iv ing  a p o s s i b i l i t y  of t h r e e  d i s t i n c t  ou tput  l e v e l s  on t he  

o s c i l l o s c o p e .  An improvement of  t h i s  system worthy of cons ide ra t i on  i s  

replacement of  t h e  r e l a y s  wi th  e l e c t r o n i c  swi tch ing  c i r c u i t r y  t o  improve 

s y s t e m  r e l i a b i l i t y  . 
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The schematic  diagram of  the IF-6 module is  found i n  F igure  3.8. The 

IF-2 and IF-3 modules have been modified t o  inc lude  the  improved g a i n  c o n t r o l  

c i r c u i t r y  used i n  IF-6, bu t  t he se  u n i t s  do no t  a t  p r e s e n t  i nco rpo ra t e  any o f  

t he  o t h e r  mod i f i ca t i ons  developed i n  IF-6. 

Power Supply Unit  

The t h i r d  module of  t he  r e c e i v e r  houses t he  power s u p p l i e s  and r e g u l a t o r  

c i r c u i t s  f o r  t h e  e n t i r e  r e c e i v e r .  A l l  v o l t a g e s  supp l i ed  t o  t h e  r e c e i v e r  a r e  

e l e c t r o n i c a l l y  r egu la t ed  and p rov i s ion  i s  provided f o r  monitoring of  a l l  

vo l t ages  and c u r r e n t s  of each u n i t  of  t he  r e c e i v e r .  The fol lowing l i s t  

o u t l i n e s  the  vo l t ages  r equ i r ed  by the  va r ious  u n i t s  of  the  r ece ive r :  

+30 v o l t s  Blanking gate gene ra to r  i n  RF a m p l i f i e r  u n i t .  

+30 v o l t s  DC a m p l i f i e r  i n  I F  a m p l i f i e r  u n i t .  

+25 v o l t s  Relay d r i v e r  c i r c u i t s  i n  I F  a m p l i f i e r  u n i t .  

+15 v o l t s  

+15 v o l t s  

RF a m p l i f i e r ,  mixer ,  and l o c a l  o s c i l l a t o r  cir-  
c u i t s  i n  RF a m p l i f i e r  u n i t .  

IF  a m p l i f i e r  and ga in  c o n t r o l  c i r c u i t s  i n  IF  
a m p l i f i e r  u n i t .  

-30 v o l t s  DC a m p l i f i e r  i n  I F  a m p l i f i e r  u n i t .  

Although both of  the  +30 v o l t  and +15 v o l t  l i n e s  a r e  suppl ied  from one 

30 v o l t  and one 15 v o l t  e l e c t r o n i c  r e g u l a t o r ,  they a r e  d iv ided  i n  t h e  power 

supply s o  t h a t  t h e  c u r r e n t  t o  each u n i t  can be monitored s e p a r a t e l y  f o r  main- 

tenance purposes .  The o r i g i n a l  r e c e i v e r  d i d  n o t  i nco rpo ra t e  t he  +25 v o l t  

supp ly ,  and power f o r  t h e  r e l a y  c i r c u i t s  was supp l i ed  from t h e  +30 v o l t  regu- 

l a t o r .  I t  was found t h a t  t he  swi tch ing  t r a n s i e n t s  from t h e  r e l a y  were caus ing  

i n s t a b i l i t y  i n  t he  blanking and DC a m p l i f i e r  c i r c u i t s .  The a d d i t i o n  of  a 

s e p a r a t e l y  r egu la t ed  +25 v o l t  power supply e l imina t ed  t h i s  problem. 
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The DC v o l t a g e s  f o r  a l l  r e g u l a t o r s  except  the  +25 v o l t  c i r c u i t  a r e  

supp l ied  from a s i n g l e  full-wave b r i d g e  r e c t i f i e r  c i r c u i t .  By grounding t h e  

c e n t e r- t a p  of  t h e  power t r ans fo rmer ,  v o l t a g e s  of +40 v o l t s  and -40 v o l t s  are 

ob ta ined  from t h e  b r idge  r e c t i f i e r .  These unregula ted v o l t a g e s  , al though not  

used  i n  the  r e c e i v e r  a t  p r e s e n t ,  a r e  s u p p l i e d  t o  bo th  t h e  R F  and I F  a m p l i f i e r  

u n i t s  f o r  v e r s a t i l i t y  i n  f u t u r e  d e s i g n s .  

The e l e c t r o n i c  r e g u l a t o r  c i r c u i t s  uscd for t h e  + S O ,  +15, and -30 v o l t  

supply  vo l t ages  a1.e a l l  n e a r l y  i d e n t i c a l  i n  des ign .  The -30 v o l t  r e g u l a t o r  

uses  e q u i v a l e n t  PNP t r a n s i s t o r s  i n s t e a d  vi' NPN t r a n s i s t o r s  a s  i n  the  p o s i t i v e  

r e g u l a t o r s  , but  is  o therwise  i d e n t i c a l ,  A TI487 power s i l i c o n  t r a n s i s t o r  i s  

used a s  the series c o n t r o l  element of ilie r egu la ta i - .  A 2N2102 o r  2N697 

t r a n s i s t o r  i s  used a s  a Dar l ing ton  a m p l i f i e r  to c o n t r o l  the TJ.487, A 2N697 

i s  used a s  t h e  error  sens ing- ampl i f i e r  and compares a sample of  t h e  ou tpu t  

vo l t age  wi th  a zener- regulated v o l t a g e .  A 2 N 1 1 3 1  PNP t r a n s i s t o r  i s  used i n  

a p r e r e g u l a t o r  c i r c u i t  t o  achieve g r e a t e r  l i n e- v o l t a g e  r e g u l a t i o n  and reduc- 

t i o n  o f  120 H z  r i p p l e .  

The r e g u l a t o r  f o r  t h e  +25 v o l t  l i n e  i s  s i t n i l a r  t o  those  d i scussed  above,  

biiL i s  !nuch simpler. because of Lhe less s t r i n g e n t  requirements  of the  r e l a y-  

d r i v e r  c i r c u i t s .  A s i n g l e  TI487 i s  t h e  series c o n t r o l  t r a n s i s t o r  and a 2N697 

i s  t h e  error s e n s i n g  t r a n s i s  t o r  e 

S e p a r a t e  f i l t e r  c i r c u i t s  a r e  provided f o r  the  -1-40 v o l t ,  -40 v o l t ,  and 

+30 v o l t  unregula ted 1 7 0 1  cages. A l l  V a l  Lages excep t  t h e  r e l a y  e n e r g i z i n g  

v o l t a g e  a r e  con-crolled .ay the DC-ON swi tch  t o  provide  e a s e  o f  s e r v i c i n g .  

A l l  components of t h e  power s u p p l i e s  art? moimted on t h e  module c h a s s i s .  

A l l  t r a n s i s t o r s  a r e  mDunted i n  stud-mounting h e a t  s i n k s  on t h e  c h a s s i s .  The 

115 v o l t  60 H z  supply  v o l t a g e  a s  well a s  a l l  r egu la ted  v o l t a g e s  t o  t h e  
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r e c e i v e r  a r e  c a r r i e d  i n  the connec tor  i n  t h e  r e a r  of  t h e  power supply u n i t .  

Add i t i ona l ly ,  an  e x t e r n a l  power socke t  on t h e  f r o n t  panel  o f  the supply makes 

a l l  r egu la t ed  and unregula ted  vo l t ages  a v a i l a b l e  f o r  experimental  use or 

o t h e r  equipment. These v o l t a g e s  a r e  no t  monitored by the c u r r e n t  meter o f  

the power supply.  Metering of  t he  vo l t ages  and c u r r e n t s  f o r  each c i r c u i t  

of  t h e  r e c e i v e r  is provided by one meter t h a t  can be switched f o r  use a s  a 

c u r r e n t  meter or vo l tme te r .  The two series of  power supply modules designed 

and cons t ruc t ed  t o  d a t e  a r e  d i s cus sed  below. 

PS-1, PS-2 

The PS-1 and PS-2 modules were o r i g i n a l l y  cons t ruc t ed  for r e c e i v e r s  a t  

t he  Wallops I s l a n d  i n s t a l l a t i o n  i n  1964. These u n i t s  d i f f e r  from the  c u r r e n t  

models i n  t h a t  an  a d j u s t a b l e  au to t ransformer  was included i n  t he  primary 

c i r c u i t  of t h e  power t ransformer  t o  a s s u r e  t h a t  the peak inve r se  vo l t age  

r a t i n g s  of t h e  1N1220 d iodes  i n  the br idge  r e c t i f i e r  were no t  exceeded on 

l i n e  vo l t age  su rges .  U s e  of  the  lODB2A br idge  r e c t i f i e r  i n  t h e  l a t e r  ve r s ions  

e l imina t ed  t h i s  problem and the need f o r  the space-consuming au to t ransformer .  

The r e g u l a t o r  c i r c u i t s  of the PS-1 and PS-2 modules were less s o p h i s t i c a t e d  

than  those of the  p r e s e n t  power s u p p l i e s  and d i d  no t  i nc lude  the  p r e r e g u l a t o r  

c i r c u i t s .  I n  o t h e r  r e s p e c t s ,  t h e  PS-1 and PS-2 a r e  very  s i m i l a r  t o  the  

c u r r e n t  series. The schematic  diagram of  the PS-1 and PS-2 modules i s  found 

i n  F igure  3 - 9  

PS-3, PS-4, PS-5, PS-6 

A l l  f o u r  of  these modules are  i d e n t i c a l  i n  e l e c t r i c a l  de s ign  and have 

minor v a r i a t i o n s  i n  phys i ca l  c o n s t r u c t i o n .  E l imina t ion  of the  au to t ransformer  

used i n  PS-1 and PS-2 allowed ex t ens ive  c i r c u i t  rearrangement f o r  g r e a t e r  

e a s e  of s e r v i c i n g .  A l l  of  these modules i nco rpo ra t e  t he  improved r e g u l a t o r  

i 
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c i r c u i t s  and improved hea t  s i n k  mounting techniques  f o r  t h e  t r a n s i s t o r s .  

The PS-5 and PS-6 modules have a l l  f o u r  vo l t age  r e g u l a t o r  c o n t r o l s  mounted on 

t h e  f r o n t  panel  t o  permit  adjustment of t h e  r egu la t ed  vo l t ages  wi th  t h e  

module plugged i n t o  t h e  manifold.  

PS-5, and PS-6 modules is  found i n  F igure  3.10a and F igure  3.10b. 

Receiver  Mechanical Design 

The schematic  diagram of t h e  PS-3, PS-4, 

S ince  complete s h i e l d i n g  of t h e  r e c e i v e r  from e x t e r n a l  RF f i e l d s  was a 

prime requirement of t h e  r e c e i v e r  des ign ,  cons ide rab l e  thought w a s  g iven  t o  

t h e  housing and c o n s t r u c t i o n  of t h e  r e c e i v e r  s o  t h a t  t h e  s h i e l d i n g  could be 

maintained and s t i l l  have t h e  r e c e i v e r  i n  such a mechanical arrangement t h a t  

it  is  e a s i l y  s e rv i ced  and t h e  input  c e n t e r  frequency can be e a s i l y  chzinged. 

A plug- in module arrangement can s a t i s f y  a l l  of t he se  requirements  and does 

not r e q u i r e  apprec iab ly  more c o n s t r u c t i o n  t ime than  a s i n g l e  c h a s s i s  u n i t  

would, The Tekt ronix  Company has  used plug- in modules f o r  o sc i l l o scopes  f o r  

some t i m e  w i th  a g r e a t  degree of success  and o f f e r s  b lank  plug- in modules 

f o r  custom a m p l i f i e r  des ign ,  as w e l l  a s  s t o r a g e  racks  t o  hold t h r e e  s p a r e  

o sc i l l o scope  plug- in a m p l i f i e r s .  These s t o r a g e  racks  a r e  designed f o r  rack  

mounting, but  a r e  not  supp l i zd  wi th  any form of sh i e ld ing .  Shielded pane ls  

were added t o  ends of t h e  cab ine t  and between each of t h e  t h r e e  s e c t i o n s .  

The same type  of connector  a s  used i n  t h e  o sc i l l o scope  u n i t s  was used f o r  

i n t e r connec t ion  of t h e  t h r e e  r e c e i v e r  u n i t s ,  but  t hey  are p h y s i c a l l y  i nve r t ed  

t o  prevent  a c c i d e n t a l  i n s e r t i o n  of o s c i l l o s c o p e  u n i t s  i n t o  t h e  r e c e i v e r  or 

v i c e  versa .  All wir ing  of t h e  u n i t  connec tors  is  enc losed  i n  a sh i e lded  

c a b l e  raceway a t  t h e  rear of t h e  c a b i n e t ,  and a l l  power supply l eads  are 

i n d i v i d u a l l y  bypassed a t  t h e  connector  f o r  each module. 
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The three-module c a p a c i t y  of  t he  c a b i n e t  or manifold d i c t a t e d  t he  

d i v i s i o n  of  t h e  r e c e i v e r  c i r c u i t r y  i n t o  t h r e e  u n i t s .  These t h r e e ,  a s  de sc r ibed  

p rev ious ly ,  a r e  (1)  t h e  RF a m p l i f i e r  u n i t  t h a t  i nc ludes  t he  RF a m p l i f i e r ,  

mixer ,  l o c a l  o s c i l l a t o r ,  and blanking g a t e  gene ra to r  c i r c u i t s ,  (2) t h e  IF 

a m p l i f i e r  u n i t  t h a t  i nc ludes  t h e  IF a m p l i f i e r ,  d e t e c t o r ,  DC a m p l i f i e r ,  and 

r e l a y  swi tch ing  c i r c u i t s ;  and (3) the  power supply  u n i t  t h a t  provides  a l l  

power f o r  t h e  f i r s t  two u n i t s .  Although a f u r t h e r  subd iv i s ion  of t h e  modules, 

p a r t i c u l a r l y  t he  IF  a m p l i f i e r  u n i t ,  would be q u i t e  d e s i r a b l e ,  t h i s  arrange-  

ment has  worked q u i t e  w e l l  and provides  t h e  needed i s o l a t i o n  between t h e  

var ious  p o r t i o n s  of  the  r e c e i v e r .  A w i r ing  diagram of  t he  r e c e i v e r  manifold 

i s  found i n  Figure 3.11. 

Receiver Performance C h a r a c t e r i s t i c s  

C a l i b r a t i o n  of  RF and IF ga in  c o n t r o l s :  

S ince  measurement of ionospher ic  abso rp t ion  of t h e  r e f l e c t e d  s i g n a l  

r e q u i r e s  normal iza t ion  of t h e  r e c e i v e r  g a i n  over  a run of d a t a ,  an accu ra t e  

g a i n  c o n t r o l  system f o r  t h e  r e c e i v e r  i s  necessary .  A s  mentioned p rev ious ly ,  

t h e  g a i n  c o n t r o l s  f o r  t he  RE' and I F  a m p l i f i e r  s t a g e s  a r e  10- turn po ten t io-  

meters wi th  a d i a l  c a l i b r a t e d  from 000 t o  1000. The c a l i b r a t i o n  procedure 

involves  the  use of a s i g n a l  gene ra to r  of  known ou tpu t  vo l t age  and an 

o sc i l l o scope  t o  monitor t h e  de t ec t ed  r e c e i v e r  ou tpu t .  With the  c o n t r o l  t o  

be c a l i b r a t e d  se t  a t  maximum g a i n ,  t he  s i g n a l  g e n e r a t o r  and remaining con t ro l  

a r e  set  so a s  t o  g i v e  an  o s c i l l o s c o p e  t r a c e  of  known amplitude t h a t  can 

e a s i l y  be measured and reset. The s i g n a l  gene ra to r  ou tpu t  vo l t age  i s  then 

noted and a l l  f u r t h e r  measurements a r e  re fe renced  t o  t h i s  i n p u t  vo l t age  t o  

t h e  r e c e i v e r .  The ou tpu t  of  t he  s i g n a l  gene ra to r  i s  then increased  i n  
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cons t an t  s t e p s  ( i n  t h i s  case 2 dB s t e p s  were chosen) and the  g a i n  c o n t r o l  t o  

be c a l i b r a t e d  i s  a d j u s t e d  t o  produce t h e  same o s c i l l o s c o p e  d e f l e c t i o n  a s  o r i -  

g i n a l l y  se t  up. The g a i n  c o n t r o l  d i a l  read ing  is  noted f o r  each s t e p  and the  

c h a r a c t e r i s t i c  curve of  t h e  g a i n  c o n t r o l  is  p l o t t e d  from t h i s  d a t a .  The con- 

t r o l  c h a r a c t e r i s t i c s  of t he  RF g a i n  c o n t r o l  of  t he  r e c e i v e r  a r e  shown i n  

Figure 3.12.  Note t h a t  whatever may be the  o t h e r  f a u l t s  of  t h e  base- bias 

g a i n  c o n t r o l  system i t  i s ,  a f t e r  a l l ,  q u i t e  l i n e a r .  The c o n t r o l  c h a r a c t e r i s-  

t i cs  of t he  o r i g i n a l  I F  g a i n  c o n t r o l  a r e  shown i n  Figure 3.13. This  curve is  

a l s o  f a i r l y  l i n e a r ,  but  shows , t h e  e f f e c t  of  c o n t r o l l i n g  two s t a g e s  s imultane-  

ous ly  wi th  t h e  base- bias  method. The c o n t r o l  c h a r a c t e r i s t i c s  of  t he  improved 

IF  g a i n  c o n t r o l  c i r c u i t  a r e  shown i n  F igure  3 .14 .  S ince  t h i s  c o n t r o l  c i r c u i t  

i s  used wi th  both t h e  panel-mounted con t r a1  and an  e x t e r n a l  c o n t r o l  v o l t a g e ,  

both a r e  p l o t t e d  a s  a f u n c t i o n  of  r e c e i v e r  g a i n .  While t h e  c h a r a c t e r i s t i c s  

of  the  c o n t r o l  d i a l  read ing  vs  Pece iver  ga in  is  f a i r l y  l i n e a r ,  t he  vo l t age  

c o n t r o l  curve i s  f a r  from l i n e a r  and approaches a l oga r i t hmic  curve .  Th i s  

c h a r a c t e r i s t i c  ha s  r e s u l t e d  i n  compression of one end of  t he  c a l i b r a t i o n  of  

t h e  au tomat ic  abso rp t ion  s y s t e m  (Appel and Bowhil l ,  1965) and expansion of  t he  

o t h e r  a s  shown i n  Figure 3 ,15 .  A s  long a s  s i g n a l s  a r e  i n  the  l a rge- s igna l  por- 

t i o n  o f  t he  cu rve ,  the  d a t a  i s  e a s i l y  reduced wi th  g r e a t  accuracy.  However, 

r educ t ion  of d a t a  t h a t  f a i l s  i n  the  low- signal p o r t i o n  of  the  c h a r t  is very 

d i f f i c u l t .  By manual s h i f t i n g  o f  t h e  RF g a i n  c o n t r o l ,  t he  o p e r a t o r  can usu- 

a l l y  keep the  recorded s i g n a l  i n  t h e  optimum range of the  c h a r t ,  bu t  t h i s  is 

n o t  d e s i r a b l e  i n  a supposedly automatic  s y s t e m .  The curve can be l i n e a r i z e d  

wi th  a s y s t e m  of  d i o d e s ,  bu t  a c o n t r o l  vo l t age  range of  approximately ze ro  t o  

100 v o l t s  would be r equ i r ed ,  thus  r e q u i r i n g  s t a b l e  high- voltage DC a m p l i f i e r s  

t o  be compatible wi th  the p r e s e n t  automatic  record ing  s y s t e m .  The vo l t age  
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c o n t r o l  c h a r a c t e r i s t i c s  o f  f i e l d  e f f e c t  t r a n s i s t o r s  a r e  much more e a s i l y  

l i n e a r i z e d  and c o n s i d e r a t i o n  i s  being g iven  t o  t h e i r  use  i n  t h e  r e c e i v e r  

i n s t e a d  o f  t h e  2N2483 t r a n s i s t o r  p r e s e n t l y  cised. A d d i t i o n a l l y ,  t h e  va lue  

o f  the  automat ic  a b s o r p t i o n  record ing  system would be g r e a t l y  inc reased  

i f  a larger  dynamic range o f  receiver g a i n  c o n t r o l  were a v a i l a b l e .  Appli-  

c a t i o n  o f  t h e  v o l t a g e  to t h e  RF a m p l i f i e r  s t a g e  would achieve t h i s  

l a r g e r  dynamic range and a s s u r e  t h a t  t h e r e  i s  no c o n d i t i o n  under which 

over load ing  of  t h e  RF a m p l i f i e r  s t a g e  can occur .  

Receiver  response c h a r a c t e r i s t i c s  : 

The bandpass curve  of  t h e  r e c e i v e r  (Figure  3 . 1 6 )  was ob ta ined  i n  a 

manner s i m i l a r  t o  the  g a i n  c o n t r o l  c a l i b r a t i o n .  S ince  a l l  tuned circc+its 

o f  t h e  r e c e i v e r  a re  s ing le- tuned  t rans formers  i s o l a t e d  by a m p l i f i e r s  and 

a l l  a r e  peaked a t  the  c e n t e r  frequency of  t h e  receiver ,  Lhe bandpass curve  

oP t he  o v e r a l l  r e c e i v e r  i s  g e n t l y  rounded a t  the top  wi th  no measure- 

a b l e  r i p p l e  w i t h i n  the  r e c e i v e r  bandpass. S ince  the  I F  a m p l i f i e r  frequency 

i s  g rea te r  t h a n  the I117 inpcit f requency,  the  tuned c i r c u i t s  i n  che ItF 

a m p l i f i e r  and inixcr s t a g e s  apprec iab ly  e f f e c t  the  r e c e i v e r  bandpass 

c h a r a c t e r i s t i c .  The bandwidth of t h e  I F  a m p l i f i e r  cha in  i s  a c t u a l l y  75 

kHz a t  the -3 dB p o i n t s  and t h e  e f f e c t  oP t h e  RF and mixer c i r c u i t s  is t o  

reduce i t  t o  approximately 55 kHz. Th i s  e f f e c t  a l s o  t ends  t o  reduce the  

s t e e p n e s s  o f  t h e  s k i r t s  of t h e  r e c e i v e r  bandpass,  b u t  t h i s  has  n o t  been 

found t o  be o b j e c t i o n a b l e .  S i n c e  t h e  t r a n s i s t o r  dev ice  reac tance  v a r i e s  

wi th  c o n t r o l  b i a s ,  t h e r e  i s  a 5 kHz narrowing OP t h e  bandpass curve  when 

t h e  RF g a i n  c o n t r o l  is  reduced 10 d B  from niaximum g a i n  p o s i t i o n .  

t h i s  l e v e l ,  l i t t l e  change i n  t h e  bandpass r e s p o n s e , i s  measured. Th i s  

Below 

problem does no t  e x i s t  w i t h  the  I F  a m p l i f i e r  g a i n  c o n t r o l  s i n c e  t h e  a m p l i f i e r  

i 
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t r a n s i s t o r s  ope ra t e  wi th  a cons t an t  b i a s  whi le  the  shun t  a t t e n u a t o r  t r an-  

s i s t o r s  c o n t r o l  t h e  ga in .  However, a s  would be expected wi th  a shunt  

r e s i s t a n c e  a c r o s s  t h e  tuned c i r c u i t ,  t h e  bandwidth of t h e  I F  a m p l i f i e r  

t ends  t o  i n c r e a s e  a s  t h e  shunt  r e s i s t a n c e  i s  lowered and t h e r e f o r e  a s  t he  

I F  a m p l i f i e r  g a i n  is  lowered. This  does n o t  e f f e c t  the  r e c e i v e r  o v e r a l l  

bandpass a s  much a s  f i r s t  might be expected s i n c e ,  a s  p r ev ious ly  mentioned, 

t h e  tuned c i r c u i t s  of t h e  RF a m p l i f i e r  and mixer e s s e n t i a l l y  govern t he  

o v e r a l l  response o f  t h e  r e c e i v e r .  This  bandwidth v a r i a t i o n  of  t h e  receiver 

wi th  I F  a m p l i f i e r  g a i n  has  been measured t o  be l e s s ' t h a n  5 kHz, i n c r e a s i n g  

a s  t he  g a i n  i s  va r i ed  from maximum t o  40 dB less than maximum I F  a m p l i f i e r  

g a i n .  Pre l iminary  tests i n d i c a t e  t h a t  t h e  f i e l d  e f f e c t  t r a n s i s t o r ,  whkle 

no t  completely immune t o  M i l l e r- e f f e c t  capac i tance  v a r i a t i o n s  wi th  c o n t r o l  

b i a s ,  is c o n s i d c h b l y  b e t t e r  than the  b i p o l a r  t r a n s i s t o r  p r e s e n t l y  used 

i n  t h e  RF a m p l i f i e r  and does n o t  show the  shunt ing  p rope r ty  of  the  pdesent  

I F  ampl i f i , e r  cha in .  The use o f  the  f i e l d  e f f e c t  t r a n s i s t o r  i s  being g iven  

f u r t h e r  c o n s i d e r a t i o n  a t  t h i s  w r i t i n g .  

S ince  the  r e c e i v e r  is  i n t e n d e d : f o r  use i n  recept ion '  o f  pulsed RF 

s i g n a l s ,  i t s  response t o  a pulsed ' s i gna l  i s  d e f i n i t e l y  of  i n t e r e s t .  

F igure  3.17 shows t h e  t y p i c a l  ou tpu t  oh t a ined  from the  r e c e i v e r  wi th  a 

square  RF pu l se  i n p u t  ( t h e  R F  i n p y t  pu l se  is the  upper t r a c e  and the  receiver 

ou tpu t  is  t h e  lower t r a c e ) ,  S i n c e  t h e  r e c e i v e r  bandpass o f  50 kHz is' 

on ly  s u f f i c i e n t  for t he  5 t h  o r d e r  isidebands o f  a 50 vsecond square  p u l s e ,  

t h e  ou tpu t  pu lse  i s  rounded and has  a Gaussian shape.  The t i m e  de l ay  

between t h e  i npu t  pu l se  and  t h e  ou tpu t  pul  r e p r e s e n t s  t he  a c t u a l  t i m e  

de l ay  of the r e c e i v e r .  A s  long 8 s  t he  phase s h i f t  of t he  r e c e i v e r  is  

a l i n e a r  curve w i th in  t h e  r e c e i v e r  bandpass and the  t i m e  de l ay  does no t  

J 



Figure 3 .17  Receiver response to a pulsed RF' s i g n a l .  
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change wi th  r e c e i v e r  g a i n ,  t h i s  d e l a y  is e a s i l y  cance l l ed  o u t  i n  the  d a t a  

r educ t ion  process  or, i n  t he  ca se  of f i lmed r eco rd ing ,  t h e  o sc i l l o scope  

t r a c e  is  simply delayed by an amount equa l  t o  t he  t i m e  de l ay  of  t he  

r e c e i v e r . ,  The m o s t  rec'ent t iming-and c o n t r o l  s y s t e m s  designed inc lude  

a p rov i s ion  f o r  a delayed t r i g g e r  t o  provide compensation f o r  both r e c e i v e r  

and t r ansmi t t e r- o r ig ina t ed  d e l a y s .  

The measured r e c e i v e r  s e n s i t i v i t y  i s  0 .4  pvo l t  of s i g n a l  f o r  an 

observed s igna l- to- noise  r a t i o  of 1.00. Taking i n t o  cons ide ra t i on  band- 

width of t h e  r e c e i v e r ,  t he  no i se  f i g u r e  was c a l c u l a t e d  t o  be approximately 

2 . 0  dB, depending upon t h e  accuracy wi th  which a s ignal ; to-noise  r a t i o  of  

1 .00 can be measured. I n  p r a c t i c e ,  t h i s  s e n s i t i v i t y  has  proven t o  be more 

than t h a t  r e q u i r e d ,  because of  t he  h igh  l e v e l  of man-made and atmospheric  

no i se  a t  t he  f requenc ies  of i n t e r e s t  (2 t o  5 WHz). 

The g a i n  of  the  r e c e i v e r  has  been measured a s  cons t an t  w i th in  1 . 5  

dB over  an  e i g h t  hour per iod  of ope ra t i on  i n  a sounding s y s t e m .  This g a i n  

change has been t r aced  t o  h v a r i a t i o n s  of  t he  R F  a m p l i f i e r  t r a n s i s t o r  wi th  

temperature and ,  t o  a smaller degree ,  t o  d r i f t  of- t he  power supply r e g u l a t o r  

f e  

vo l t age .  Experiments wi th  f i e l d  e f f e c t  t r a n s i s t o r s  ind'icate t h a t  they do 

no t  e x h i b i t  t he se  g a i n  v a r i a t i o n s  wi th  temperature .  The use of  temperature 

compensated refekence d iodes  i n  t he  power supply should prevent  vo l t age  d r i f t .  

- ., 

1 

he cpys t a l - con t ro l l ed  l o c a l  o s c i l l a t o r  s t a b i l i t y  was measured t o  be 

w i t h i n  500 Mz of c e n t e r  frequency 15 minutes a f t e r  t u rn ing  the r e c e i v e r  o n  

and wi th in  100 Hz throughbut .the remainden of an  e i g h t  hour ope ra t i on  

schedule .  The tunab le  o s c i l l a t o r s  used i n  t he  RF-3 and RF-4 modules have a 

shor t- te rm s t a b i l i t y  of +3 kHz and a long term s t a b i l i t y  of  +250 H z .  While 

more s t a b l e  tunable  o s c i l l a t o r s  a r e  f a i r l y  e a s i l y  achieved wi th  temperature  

- - 

x 



61 

compensation techniques ,  t h e  wide bandwidth of  t he  r e c e i v e r  and t h e  s i g n a l s  

t o  be rece ived  do no t  r e q u i r e  s t a b i l i z a t i o n  beyond t h i s  po in t .  

P a s t  and Future  Receiver  Designs 

Receiver  Design Using Ceramic Ladder F i l t e r s :  

A s  mentioned p rev ious ly ,  t he  i n i t i a l  des ign  of  t h e  r e c e i v e r  involved 

the  use of  ceramic l adde r  f i l t e r s  i n  t h e  I F  a m p l i f i e r  s t a g e  t o  determine 

t h e  r e c e i v e r  bandpass,  These f i l t e r s ,  cons t ruc t ed  by the  C l e v i t e  Corp. a r e  

composed of  seventeen ceramic d i s c s  i n  an e lec t romechanica l ly  resonant  

s y s t e m .  The f i l t e r  chosen f o r  t he  r e c e i v e r  was the  TL-50D-756 and has  

t h e  fo l lowing  parameters:  

500 kHz +2 kHz - Center  f requency 

Bandwidth a t  -6 dB 50 kHz 

Bandwidth a t  -60 dB 75 kHz 

Shape f a c t o r  1.5.1 

I n s e r t i o n  loss  3 dB 

Ripple  w i t h i n  passband 3 dB maximum (peak- to- val ley)  

Input  and ou tpu t  impedance 1200 ohms r e s i s t i v e  

The most a t t r a c t i v e  f e a t u r e  of  t h e  f i l t e r  is  t h e  very s t e e p  s k i r t  

s e l e c t i v i t y  which is  i n  f a c t  cons iderab ly  b e t t e r  than t h a t  achieved i n  

t he  f i n a l  ve r s ion  of  t h e  r e c e i v e r .  The i n p u t  and ou tpu t  impedances )of 

t he  f i l t e r  a r e  i d e a l l y  s u i t e d  f o r  use i n  t r a n s i s t o r  c i r c u i t r y ,  a s  is  t h e  

phys i ca l  s ize.  A block diagram o f  t h e  proposed r e c e i v e r  des ign  us ing  

these  f i l t e r s  is  shown i n  Figure 3.18. S ince  t h e  phase response of  t h e  

r e c e i v e r  had t o  be a s  l i n e a r  a s  p o s s i b l e  throughout t h e  passband, t h e  

IF  a m p l i f i e r s  were designed t o  be very wide band video a m p l i f i e r s  and a l l  

s e l e c t i v i t y  and phase response were t h e r e f o r e  c o n t r o l l e d  by t h e  f i l t e r s .  

A schematic  diagram of  t h e  I F  a m p l i f i e r s  designed and cons t ruc ted  f o r  use 

wi th  t h e s e  f i l t e r s  is  shown i n  F igure  3.19. Th i s  I F  a m p l i f i e r  u se s  t h r e e  
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. ?  

t w o- t r a n s i s t o r  video a m p l i f i e r s ,  CTexas Instruments, 1963) two ahead o f  the  

f i l t e r  and one a f t e r .  Each video a m p l i f i e r  has  a t y p i c a l  response from 

50 kHz t o  15 M?Hz +3 dB. The o v e r a l l  g a i n  o f  the c i r c u i t  i s  67 d B  a t  500 kHz 

and the  bandpass response of the a m p l i f i e r s  and f i l t e r  is  shown i n  Figure  3 .20 .  

- 
e 

The 2,000 ohm po ten t iomete r  a t  the  i n p u t  of  t h e  f i l t e r  provides  a means of 

a d j u s t i n g  the  f i l t e r  feed impedance. 

Upon t e s t i n g  of t h i s  c i r c u i t  w i t h  a pulsed RF  s i g n a l ,  i t  was discovered 

t h a t  the  f i l t e r  genera ted  s e r i o u s  spur ious  s i g n a l s  of  t h e  same o r d e r  of  

magnitude a s  the  o r i g i n a l  s i g n a l  i n  the  form of r i n g i n g .  Adjustment of  

both  feed and load impedances of the  f i l t e r  reduced t h i s  problem some- 

what, but  n o t  s u f f i c i e n t l y  t o  g i v e  accep tab le  r e s u l t s .  The response o f -  

the f i l t e r  t o  a pulsed RF  s igna1 ; i s  shown i n  F igure  3.21. ,  

exper imenta t ion ,  i t  was determined t h a t  t h i s  r i n g i n g  was ,due t o  mismatch 

o f  the  f i l t e r ' s  i n p u t  and o u t p u t  impedances. Measurements of the  f i l t e r  

i t se l f  showed t h a t  the i n t r i n s i c  impedance was no t  a t  a l l  c o n s t a n t  through- 

A f t e r  much 

o u t  t h e  bandpass. U s e  of  s e v e r a l ' f i l t e r s  i n  series reduced the r ing ing  s t i l l  

f u r t h e r ,  s i n c e  the  f i l t e r s  a11 e x h i b i t e d  s i m i l a r  impedance c h a r a c t e r i s t i c s ,  

bu t  no more than 20 dB of r e j e c t i o n  of the r i n g i n g  was o b t a i n a b l e .  The 

behavior  o f  the f i l t e r  has  been l ikened  t o  t h a t  of an i n c o r r e c t l y  terminated 

t r ansmiss ion  l i n e  i n  t h a t ,  due t o  mismatch a t  both the  i n p u t  and o u t p u t ,  

a pu l se  is  r e f l e c t e d  a t  both ends of the  f i l t e r ,  producing t h e  r i n g i n g  

observed.  S h o r t  of  a very  complex t e rmina t ion  and feed network or an i n f i -  

n i t e  cha in  of i d e n t i c a l  f i l t e r s ,  these u n i t s  are n o t  adap tab le  f o r  use  i n  

a pu l se  r e c e i v e r .  T h i s  r i n g i n g  effect  has  s i n c e  been no t i ced  i n  r e c e i v e r s  

us ing  o t h e r  v a r i e t i e s  of  mechanical f i l t e rs  and seems t o  be i n h e r e n t  i n  

a l l  such f i l t e r s .  For the above r e a s o n s ,  the r e c e i v e r  des ign  i n c o r p o r a t i n g  
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Figure 3.21 Response of ceramic f i l t e r  t o  a pulsed RF s i g n a l .  
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t h e  ceramic f i l t e r s  was f i n a l l y  abandoned i n  f a v o r  o f  the  more convent iona l  

tuned t ransformer  s y s t e m  used i n  t he  p r e s e n t  r e c e i v e r s .  

An E l e c t r o n i c a l l y  Switched RF Preampl i f i e r :  

The use of  t he  receiver i n  an ionospher ic  d r i f t  experiment n e c e s s i t a t e d  

t he  des ign  and c o n s t r u c t i o n  of an  e l e c t r o n i c a l l y  switched p r e a m p l i f i e r  t h a t  

would select one of  t h r e e  spaced an tennas  upon command from the  t iming and 

c o n t r o l  system. Although t h i s  u n i t  was n o t  used i n  the  shipboard experiment ,  

a b r i e f  exp lana t ion  of  i t  is  included i n  t h i s  r e p o r t  so  t h a t  a complete 

d e s c r i p t i o n  of a l l  e l e c t r o n i c  i n s t rumen ta t i on  c u r r e n t l y  i n  use f o r  iano- 

s p h e r i c  sounding measurements w i l l  be a v a i l a b l e  f o r  f u t u r e  r e f e r ence .  

The switched p r e a m p l i f i e r  uses  t h r e e  R F  a m p l i f i e r  s t a g e s ,  a l l  very  

s i m i l a r  i n  des ign  t o  t h a t  used i n  t he  r e c e i v e r  i t s e l f .  The ou tpu t  tuned 

c i r c u i t  of each a m p l i f i e r  is  designed t o  d r i v e  a 50 ohm coax ia l  c ab l e  

i n s t e a d  o f  the  mixer i n p u t ,  a s  is  the  case  i n  t he  r e c e i v e r .  The inpu t  

t ransformer  of  each a m p l i f i e r  i s  i d e n t i c a l  t o  t h a t  used i n  t he  r e c e i v e r  

i i iput c i r c u i t  ~ A 1 1  components of  t he  t h r ee  a m p l i f i e r s ,  p a r t i c u l a r l y  t he  

t ransformers  and t r a n s i s t o r s ,  have been matched as  c l o s e l y  a s  pos s ib l e  

t o  a s su re  t h a t  the ga in  and phase c h a r a c t e r i s t i c s  of  each channel a r e  

n e a r l y  i d e n t i c a l .  The channel swi tch ing  ope ra t i on  is  accomplished by 

g a t i n g  the  base b i a s  c i r c u i t r y  o f  each a m p l i f i e r .  A p o s i t i v e  pu l se  app l i ed  

t o  t he  2N697 g a t e  t r a n s i s t o r  a p p l i e s  a p o s i t i v e  pu l se  t o  t h e  a m p l i f i e r  

b i a s  c i r c u i t .  The ampli tude of  t h i s  pu l se  is l i m i t e d  t o  10 .0  v o l t s  by 

a 1N961 zener  diode t o  a s s u r e  t h a t  t he  a m p l i f i e r  g a i n  is  the  same f o r  

each g a t e  pu l se .  A b lanking  g a t e  g e n e r a t o r  t h a t  is  i d e n t i c a l  t o  t h a t  

designed f o r  t he  r e c e i v e r  i s  included t o  provide b lanking  of  a l l  t h r e e  

a m p l i f i e r s  dur ing  the  t r a n s m i t t e r  pu l se .  The power supply and r e g u l a t o r  

J 
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c i r c u i t s  a r e  pa t t e rned  a f t e r  those  designed f o r  t he  r e c e i v e r .  To provide 

a means of c a l i b r a t i n g  the t h r e e  a m p l i f i e r s  f o r  i d e n t i c a l  g a i n ,  a test 

swi tch  is  inc luded .  This  swi tch  a l lows  each of  t he  a m p l i f i e r s  t o  be 

s e p a r a t e l y  connected t o  a s t anda rd  s i g n a l  source (usua l ly  a s i g n a l  genera-  

t o r )  * 

I n  us ing  the  p reampl i f i e r  for d r i f t  measurements, t h e  t h r e e  spaced 

antennas a r e  connected t o  t h e  t h r e e  i n p u t s  of  t he  u n i t .  Three g a t e  p u l s e s ,  

genera ted  by the  t iming and c o n t r o l  system, g a t e  t he  p reampl i f i e r s  on and 

o f f  i n  sequence. The ou tpu t s  of  t h e  t h r e e  switched a m p l i f i e r s  a r e  mixed 

and connected t o  t he  i n p u t  of  t h e  r e c e i v e r  p r ev ious ly  desc r ibed  i n  t h i s  

chap te r .  The sequencing of t he  g a t e  pu l se s  to  the  switched a m p l i f i e r  . 

and those  app l i ed  to  the  t h r ee- leve l  swi tch ing  c i r c u i t  i n  t h e  r e c e i v e r  DC 

a m p l i f i e r  is  such t h a t  t h e  "A" t r a c e  occurs  f i r s t  i n  t i m e  and i s  d isp layed  

a t  t h e  t op  of  t he  o s c i l l o s c o p e  s c r e e n  wi th  t h e  "B" and "C" pu l se s  appear ing  

i n  sequence t h e r e a f t e r .  Each a m p l i f i e r  is  capable  of  a maximum g a i n  of 

20 dB and a g a i n  c o n t r o l  dynamic range of 35 dB. S ince  t h e  a m p l i f i e r s  a r e  

i d e n t i c a l  t o  the  RF a m p l i f i e r  s t a g e  o f  t h e  r e c e i v e r ,  t he  no ise  f i g u r e  of  

t h e  combination is  s t i l l  approximately 2 dB a t  maximum g a i n .  The bandwidth 

of  each p r e a m p l i f i e r  i s  approximately 200 kHz and some reduc t ion  of t he  o v e r a l l  

p r eampl i f i e r- rece ive r  bandwidth has  been noted.  The schematic  diagram of  t h e  

e l e c t r o n i c a l l y  switched p r e a m p l i f i e r  i s  found i n  Figure 3,22, 

F i e l d  E f f e c t  Ampl i f ie r :  

A s  mentioned i n  t he  above d i s c u s s i o n s  o f  t he  ELF and IF  a m p l i f i e r  s t a g e s  

of the r e c e i v e r ,  cons ide ra t i on  has  been g iven  t o  t he  use o f  f i e l d  e f f e c t  t r an-  

sis tors  i n s t e a d  of  t h e  2N2483 b i p o l a r  t r a n s i s t o r  p r e s e n t l y  employed. A bread- 

board c i r c u i t  i n  t h e  form of  a s ing le  s t a g e  p reampl i f i e r  ha s  been designed and 
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cons t ruc t ed  f o r  t e s t i n g  o f  t he  FET, The schematic  diagram of t h i s  bread- 

board a m p l i f i e r  i s  found i n  F igure  3.23.  

A 3Ml26 t e t r o d e  f i e l d  e f f e c t  t r a n s i s t o r  was chosen f o r  t h i s  test 

a m p l i f i e r  because of i t a  excellent no i se  c h a r a c t e r i s t i c s  i n  t h e  2 t o  5 

MHz range and because of  t he  e a s e  wi th  which i ts  transconductance and there-  

f o r e  g a i n  can be c o n t r o l l e d .  The a m p l i f i e r  is  a common d r a i n  c i r c u i t  wi th  

s i g n a l  i n j e c t i o n  on g a t e  1 and AGC c o n t r o l  on g a t e s  1 and 2.  The FET i s  a 

high  impedance device  (50 kilohms t y p i c a l  i npu t  and ou tpu t  r e s i s t a n c e  i n  t h e  

2 t o  5 MHz range)  and t h e r e f o r e  impedance matching wi th  t h e  i npu t  and ou tpu t  

t ransformers  i s  no t  a t tempted .  The bandwidth of t he  a m p l i f i e r  i s  determined 

p r imar i l y  by the  unloaded Q o f  t he  two t ransformers .  Although no resis t ive 

loading  of e i t he r .  Lransformer was included i n  t h i s  a m p l i f i e r ,  i t  would probably 

be  necessary  t o  i nc lude  some form of load ing  t o  achieve t h e  same bandwidth a s  

t h a t  of  t he  o r i g i n a l  r e c e i v e r .  The primary purpose o f  t he  breadboard des ign  

was t o  i n v e s t i g a t e  the  low- signal ~ temperature  s t a b i l i t y  and AGC performance 

of  t he  E T .  The maximum measured g a i n  of  the  FET a m p l i f i e r  a t  3 .030  MHz was 

24 dB and the  no i se  f i g u r e  o f  t h e  a m p l i f i e r  a t  maximum g a i n  was 2 . 1  dB. The 

dynamic range 'of the  gair,  c c n t r o l  was found t o s b e  52 dB i f  both g a t e s  of  t he  

t r a n s i s t o r  were va r i ed  from z e r o  t o  3 . 4  v o l t s .  

S ince  l i n e a r i t y  of t h e  g a i n  c o n t r o l  c i r c u i t  of t he  p re sen t  r e c e i v e r  

has  proven t o  be less tha2  optimum, cons ide rab l e  exper imenta t ion  was c a r r i e d  

o u t  on t he  FE'T a m p l i f i e r  c i r c u i t  t o  o b t a i n  t h e  b e s t  p o s s i b l e  vo l t age  vs  dB 

a t t e n u a t i o n  c h a r a c t e r i s t i c  curve.  A s  can  be r e a d i l y  seen from F igu re  3 .24 ,  

t h e  c h a r a c t e r i s t i c  c o n t r o l  of the gate b i a s  o f  t he  EET (poin t  "X" i n  

F igure  3.24)  i s  f a r  from l i n e a r .  I n  f a c t ,  t h e  curve e x h i b i t s  a very  s h a r p  

knee a t  approximately 3 . 2  t o  3 - 3  v o l t s .  The shape of t h i s  knee i s  very s i m i l a r  
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t o  t h e  vo l t age- cur r en t  curve of  a zene r  diode wi th  a 3 . 3  v o l t  f i r i n g  

vo l t age .  I n  f a c t ,  t he  use of  a zener  d iode  a c r o s s  t h e  g a t e  b i a s  c i r c u i t  

r e s u l t e d  i n  a much more l i n e a r  curve.  Because t he  d r i v i n g  po in t  impedance 

of t he  zener-compensated c o n t r o l  c i r c u i t  i s  on the  o r d e r  of  500 ohms, i t  

was necessary  t o  i nc lude  a Dar l ing ton  a m p l i f i e r  t o  c o n t r o l  t he  c i r c u i t  with 

t he  e x i s t i n g  AGC a m p l i f i e r s  i n  the  automatic  abso rp t ion  record ing  system 

(Appel and Bowhil l ,  1965). Adjustment o f  t h e  r e s i s t o r  i n  series with the  

zener  v a r i e s  both the  c o n t r o l  vo l t age  range and shape.  The 330 ohm resis- 

t o r  shown i n  F igure  3 . 2 3  was chosen a s  a compromise between the  maximum 

c o n t r o l  vo l tage  range of  10 v o l t s ,  t he  b e s t  l i n e a r i t y  of t he  cu rve ,  and 

t h e  requirement of a t  l e a s t  a 30  dB dynamic c o n t r o l  range. A s  can be 

e a s i l y  seen  from Figure  3.24, t h e  r ' e su l t ing  c o n t r o l  curve i s  much more 

l i n e a r  than any o t h e r  c o n t r o l  c i r c u i t  p rev ious ly  used i n  t h e  r e c e i v e r .  A 

s t a b i l i t y  check of t he  FET a m p l i f i e r  showed 1 dB of g a i n  v a r i a t i o n  over  

t he  temperature  range from 0 t o  100 C- - s ign i f i can t ly  b e t t e r  than any pre-  

vious a m p l i f i e r  de s igns .  Se r ious  c o n s i d e r a t i o n  i s  being g iven  t o  the use of 

t h i s  FET a m p l i f i e r  i n  both t he  RF and IF a m p l i f i e r  s t a g e s  o f  the  r e c e i v e r .  

An un fo r tuna t e  a s p e c t  of  t he  FET a m p l i f i e r  i s  t h a t  i t s  DC control. vo l t age  

range is  no t  compatible wi th  the  AGC range of t he  p re sen t  IF a m p l i f i e r .  

I n  f a c t ,  t h e  two a r e  i n v e r t e d  wi th  r e s p e c t  t o  each  o t h e r .  This  problem 

could e a s i l y  be reso lved  wi th  a one- stage DC a m p l i f i e r ,  but  a g r e a t  d e a l  

of  a t t e n t i o n  must be p a i d -t o  temperature  s t a b i l i t y  of  such an a m p l i f i e r  

t o  avoid degrading the  s t a b i l i t y  of  t h e  e n t i r e  system. S ince  the FET seems 

t o  be an  i n h e r e n t l y  more tempera ture- s tab le  device  than t h e  b i p o l a r  t r an-  

0 0 

s i s t o r ,  i t  is  thought  t h a t  a one- stage P-channel DC a m p l i f i e r  might f u l f i l l  

t h e  requirements  (Sevin,  1965). The v e r s a t i l i t y  of  the FET g i v e s  rise t o  many 
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intriguing possibilities for application in future receiver designs 

(Mergner, 1966). 
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4 TRANSMITTER DES IGM 

General Requirements 

The t r a n s m i t t e r  requirements  of  t h e  shipboard ionospher ic  sounder were a s  

fol lows:  

1. Power Output 50,000 w a t t s  dur ing  pulse  

2 .  Pu l se  Width 50 microseconds 

3 .  Pulse  Repe t i t i on  Rates  1 /2 ,  1, 2 ,  and 5 pps 

4 .  Center  Frequency 2.00 t o  3 . 5 0  MHz 

5.  Output Impedance 50 ohms, unbalanced 

6 .  A l l  t r a n s m i t t e r  u n i t s  t o  be completely enclosed i n  s h i e l d e d  

c a b i n e t s  t o  prevent  i n t e r f e r e n c e  t o  o t h e r  equipment 

The b a s i c  des ign  of the  t r a n s m i t t e r  c l o s e l y  fo l lows  t h e  des ign  of an iono- 

s p h e r i c  sounding t r a n s m i t t e r  designed by A .  B. Gschwendtner i n  1964 f o r  use i n  

land-based measumements a t  Wallops I s l a n d ,  V i rg in i a  The major d i f f e r e n c e s  

between t h e  two t r a n s m i t t e r  des igns  a r e  t h e  tunable  f e a t u r e  of t he  shipboard 

t r a n s m i t t e r ,  complete s h i e l d i n g  of all u n i t s  i n  the  shipboard t r a n s m i t t e r ,  5 0  

ohm unbalanced ou tpu t  impedance of t h e  shipboard t r a n s m i t t e r  as Compared t o  t h e  

250 ohm balanced ou tpu t  impedance of t h e  Wallops t r a n s m i t t e r ,  and major improve- 

ments i n  t h e  des ign  of the  shipboard t r a n s m i t t e r  d r i v e r- a m p l i f i e r  s t a g e  t o  a s s u r e  

adequate  RF d r i v i n g  power t o  t he  f i n a l  a m p l i f i e r  s t a g e .  The fo l lowing  d iscus-  

s i o n  of  t r a n s m i t t e r  des ign  has  been r e s t r i c t e d  t o  t he  des ign  o f  t h e  shipboard 

t r a n s m i t t e r  o n l y ,  bu t  a l l  schematics  and a b r i e f  d i s cus s ion  o f  t he  Wallops t r ans-  

mi t t e r  a r e  included i n  t h e  pages fo l lowing  t h i s  d i s cus s ion .  

All u n i t s  of t h e  shipboard t r a n s m i t t e r  were cons t ruc t ed  i n  completely 

enc losed  c a b i n e t s  mounted on s tandard  19- inch r e l a y  rack pane l s .  The e n t i r e  

t r a n s m i t t e r  occupies  a t o t a l  of 96 inches  of v e r t i c a l  rack  space .  

j 
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Figure 4 . 2  The transmitter.  
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Discuss ion  of  t h e  t r a n s m i t t e r  des ign  i s  d iv ided  i n t o  t he  fo l lowing  s e c t i o n s ,  

i n  which t h e  val-ious u n i t s  a r e  descr ibed  i n d i v i d u a l l y :  

Tunable pulsed o s c i l l a t o r  u n i t  

E x c i t o r  and pulse  modulator u n i t  

Dr iver  and a m p l i f i e r  s t a g e  

F i n a l  a m p l i f i e r  s t a g e  

Improved f i n a l  a m p l i f i e r  s t a g e ,  b i a s  supp ly ,  and pu l se  modulator s t a g e  

Low-voltage power supply 

High-voltage power s u p p l i e s  

Wallops I s l a n d  t r a n s m i t t e r  

A block diagram and a photograph of  t h e  complete shipboard t r a n s m i t t e r  

a r e  found i n  F igures  4 . 1  and 4 . 2 ,  r e s p e c t i v e l y .  

Tunable P u l s e d , O s c i l l a t o r  Unit  Design 

The tunable  pulsed o s c i l l a t o r  u n i t  is composed of  an o s c i l l a t o r  s t a g e ,  

b u f f e r  ampJi f ie r  stage power a m p l i f i e r  s t a g e ,  pu l se  g e n e r a t o r  and pu l se  modu- 

l a t o r  s t a g e s ,  and low-voltage power supply s t a g e .  All c i r c u i t r y  of  t h i s  u n i t  i s  

t r a n s i s t o r i z e d  t o  ach ieve  best” frequency s t a b i l i t y  and t o  minimize h e a t  genera-  

t i o n .  To f u r t h e r  guaran tee  frequency s t a b i l i t y ,  t he  e n t i r e  u n i t  is housed i n  a 

sh i e lded  enc losu re  f a b r i c a t e d  from 1/8-inch t h i c k  b r a s s  p l a t e  and the  c i r c u i t r y  

i s  cons t ruc t ed  on 1/8-inch t h i c k  epoxy-!fiberglass copper- clad board. Also, a l l  

power supply vo l t ages  t o  each s t a g e  a r e  e l e c t r o n i c a l l y  r egu la t ed .  The schematic 

diagram of t h i s  u n i t  is  found i n  Figure 4.3. 

A s i n g l e  2N697 t r a n s i s t o r  i n  a Ha r t l ey  o s c i l l a t o r  c i r c u i t  gene ra t e s  a 

cont inuous wave s i g n a l  a t  t he  & s i r e d  frequency of ope ra t i on .  

frequency of  t h e  t r a n s m i t t e r  is  determined by the  resonant  frequency o f  t h e  

The ope ra t i ng  
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c o l l e c t o r  tuned c i r c u i t  of t h e  o s c i l l a t o r  and is  v a r i a b l e  from 2.00 t o  3 .66 MHz. 

Provis ion  f o r  f i x e d  f requency ,  c r y s t a l - c o n t r o l l e d  o p e r a t i o n  of t h e  t r a n s m i t t e r  

is  included i n  t he  o s c i l l a t o r  s t a g e .  The c r y s t a l  is opera ted  i n  i t s  series 

r e sonan t  mode i n  t he  emitter  feedback pa th  of  t he  o s c i l l a t o r  s t a g e .  A small  

f requency v a r i a t i o n  of  +200 H z  from t h e  center  frequency o f  the  c r y s t a l  can 

be achieved by varying the  c o l l e c t o r  tuned c i r c u i t ,  bu t  t he  most s t a b l e  

o p e r a t i o n  i n  t he  c r y s t a l - c o n t r o l l e d  mode i s  achieved when the  c o l l e c t o r  c i r c u i t  

- 

is tuned t o  t he  c r y s t a l  f requency.  The long- term s t a b i l i t y  of t he  o s c i l l a t o r  

s t a g e  has  been measured t o  be +1 - p a r t  i n  I O 4  i n  t he  tunable  mode and 1 p a r t  i n  

1 0  i n  t he  c r y s t a l- c o n t r o l l e d  mode, e i t h e r  o f  which is s u f f i c i e n t  f o r  the  
5 

pulsed  measurements f o r  which t h e  s y s t e m  i s  designed.  The c o l l e c t o r  an@ base 

b i a s  supply vo l t age  f o r  t h e  o s c i l l a t o r  is  r egu la t ed  wi th  a 10  v o l t  1N961 

zene r  diode t o  prevent  frequency i n s t a b i l i t y  due t o  s u p p l y  vo l t age  v a r i a t i o n s .  

The o s c i l l a t o r  s t a g e  i s  followed by a 2N697 emi t t e r- fo l lower  b u f f e r  ampli- 

f i e r  t o  e l i m i n a t e  frequency i n s t a b i l i t y  caused by t h e  v a r i a b l e  n a t u r e  of t he  

pulsed load presen ted  by the  pulsed a m p l i f i e r  s t a g e .  The tuned c i r c u i t  i n  t h e  

emi t t e r  of  t h i s  s t a g e  i s  necessary  t o  reduce l 'cross-over" d i s t o r t i o n  of  t he  RF 

waveform and t o  provide an impedance t ransformer  t o  match the  i n p u t  impedance of 

t h e  pulsed a m p l i f i e r  s t a g e .  The t ransformer  has  a t u r n s  r a t i o  of  4 : l  and ,  

t h e r e f o r e ,  an impedance r a t i o  of  approximately 1 6 : l .  (Note: The exac t  impedance 

r a t i o  of  t he  t ransformer  depends upon the  c o e f f i c i e n t  of  coupl ing between primary 

and secondary 

form assembly 1181 has  shown t h a t  b i f i l a r  winding o f  primary and secondary on 

these  forms permi ts  very h igh  c o e f f i c i e n t s  of  coupli'ng t o  be ach i eved . )  The 

but  experimenta t i o d  w i th  t h e  Cambridge Thermionic sh i e lded  c o i l  

i n p u t  impedance of  t he  pulsed a m p l i f i e r  s t a g e  i s  approximately 100 ohms du r ing  

the  pu lse .  The emitter impedance of  t h e  b u f f e r  a m p l i f i e r  s t a g e  i s  t h e r e f o r e  

approximately 1600 ohms. The i n p u t  impedance of an emi t t e r- fo l lower  

1 
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s t a g e  is approximately h t i m e s  t h e  emitter impedance ( f i r s t - o r d e r  approximat ion) ,  

or  150,000 ohms a t  3.00 MHz i n  p a r a l l e l  w i t h  the  base- bias r e s i s t o r s .  There- 

f o r e ,  t h e  load  on t h e  o s c i l l a t o r  s t a g e  changes from 18,000 ohms between pu l ses  

t o  16,500 ohms dur ing  t h e  p u l s e ,  a change t h a t  has  proven t o  produce l i t t l e  

frequency v a r i a t i o n  of t h e  o s c i l l a t o r .  

f e  

The pulsed  a m p l i f i e r  s t a g e  uses  one TI487 t r a n s i s t o r  i n  a common-emitter, 

base- pulsed RF a m p l i f i e s  c i r c u i t .  Adequate s h i e l d i n g  of the base and c o l l e c t o r  

c i r c u i t s  and t h e  low g a i n  of t h i s  s t a g e  permi t ted  des ign  wi thout  n e u t r a l i z a t i o n .  

The c l a s s  B a m p l i f i e r  d e l i v e r s  approximately 5 w a t t s  of  pulsed RF energy a t  the  

o p e r a t i n g  frequency i n t o  a 50 ohm load.  The base of t h e  TI487 t r a n s i s t o r  is 

normally b ia sed  t o  -3 v o l t s  between p u l s e s  and t o  a DC base c u r r e n t . o f  18 ma 

dur ing  t h e  pu l se  t o  achieve  on-off keying of t h e  a m p l i f i e r .  

The tuned c i r c u i t  i n  t h e  c o l l e c t o r  of the  TI487 provides  impedance matching 

from t h e  c o l l e c t o r  t o  t h e  50 ohm output  load.  I n  o r d e r  t o  achieve  a loaded Q of 

20 o r  more i n  t h i s  tuned c i r c u i t ,  i t  was necessary  t o  t a p  the c o l l e c t o r  down Qn 

t h e  primary. The o u t p u t  of t h e  a m p l i f i e r  is  coupled through a f o u r  t u r n  l i n k  on 

t h e  bottom of the  tuned c i r c u i t .  The TI487 t r a n s i s t o r  is  stud-mounted to  t h e  

c i r c u i t  board t o  provide t h e  smal l  amount of h e a t  t r a n s f e r  r equ i red  f o r  opera-  

t i o n  a t  CW or h igh  r e p e t i t i o n  r a t e s ,  Metering 0f the c o l l e c t o r  c u r r e n t  i s  

provided t o  a i d  i n  tuning of  t h e  a m p l i f i e r  ou tpu t  c i r c u i t .  A push-button i n  

t h e  base c i r c u i t  of the TI487 permi ts  t h e  a m p l i f i e r  to  be opera ted  i n  the  CW 

mode f o r  fu . r the r  a i d  i n  tunimg. 

A seven t r a n s i s t o r  c i r c u i t  g e n e r a t e s  t h e  50 microsecond pu l se  t o  g a t e  t h e  

base of  t h e  pulsed a m p l i f i e r  s t a g e .  A 2M697 t r a n s i s t o r  i n v e r t s  the  p o s i t i v e  

t r i g g e r  pu l se  genera ted  by t h e  t iming and c o n t r o l  u n i t  and t r i g g e r s  a two 

i 
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t r a n s i s t o r  (2N697) monostable m u l t i v i b r a t o r  c i r c u i t  t h a t  gene ra t e s  a 50 micro- 

second pulse  f o r  each t r i g g e r  pu l se .  A t w o  s t a g e  a m p l i f i e r  i nco rpo ra t i ng  one 

2N398A and one 2N697 t r a n s i s t o r  shapes t he  pu l se  and couples  i t  t o  t he  two t r an-  

s i s t o r  pu l se  modulator s t a g e  (2N697 and 2N1131) which p u l s e s  t he  base o f  t he  

ou tpu t  a m p l i f i e r .  

An e l e c t r o n i c a l l y  r egu la t ed  30  v o l t  supply powers a l l  s t a g e s  of  t h e  pulsed 

o s e i l i l a t o r  u n i t  and a -3 v o l t  z ene r  r egu la t ed  supply gene ra t e s  t h e  b i a s  vo l t age  

necessary t o  c u t  o f f  t h e  ou tpu t  a m p l i f i e r  between pu l se s .  A vo l tmeter  i s  

swi tchable  between the  30 v o l t  and -3 v o l t  s u p p l i e s  f o r  cont inuous monitor ing 

purposes 

The e n t i r e  pulsed o s c i l l a t o r  u n i t  i s  cons t ruc t ed  i n  t he  b r a s s  box p rev ious ly  

mentioned and is mounted on a 5 1/4-inch rack  panel .  The tuning c a p a c i t o r  f o r  

t h e  o s c i l l a t o r  and b u f f e r  a m p l i f i e r  s t a g e s  is  a s t anda rd  two-gang 365 pf p e r  

s e c t i o n  v a r i a b l e  c a p a c i t o r .  Tuning of  t h e  ou tpu t  a m p l i f i e r  s t a g e  is accomplished 

wi th  a s e p a r a t e  c a p a c i t o r ,  n e c e s s i t a t i n g  two ad jus tments  f o r  each change i n  

f requency.  This  approach was chosen i n  prefe rence  t o  u s ing  a t h r e e  gang capac i-  

t o r  because of t h e  d i f f i c u l t i e s  a s s o c i a t e d  wi th  ach i ev ing  proper  t r ack ing  of  t he  

t h r e e  gangs. 

A f u t u r e  improvement planned for t h e  o s c i l l a t o r  s t a g e  is t o  gene ra t e  t he  

ope ra t i ng  frequency by heterodyning a c r y s t a l- c o n t r o l l e d  frequency wi th  a v a r i-  

a b l e  f requency and g a t i n g  the  mixer and c r y s t a l- c o n t r o l l e d  source  t o  ach ieve  

on-off keying. A much h ighe r  degree o f  r e j e c t i o n  of t h e  s i g n a l  frequency between 

p u l s e s  may be achieved w i t h  t h i s  technique,  reducing s h i e l d i n g  requirements  and 

making p o s s i b l e  t h e  use of  t h i s  same o s c i l l a t o r  u n i t  f o r  r ece iv ing  s y s t e m  c a l i -  

bra  t i o n  ~ 
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E x c i t o r  and Pu l se  Modulator Uni t  Design 

The e x c i t o r  and pu l se  modulator u n i t  is composed of a 5763 RF a m p l i f i e r  

and a 4CN15A power RF a m p l i f i e r  s t a g e  t h a t  i s  capable  of d e l i v e r i n g  approximately 

150 w a t t s  du r ing  the pu l se  t o  a 50 ohm unbalanced l o a d .  Also included i n  t h e  

u n i t  is a pu l se  g e n e r a t o r  c i r c u i t  and high- voltage pu l se  modulator c i r c u i t .  The 

e n t i r e  u n i t  i s  cons t ruc ted  i n  a s h i e l d  enc losu re  mounted on a 10  l /2- inch r e l a y  

panel .  The schematic  diagram of t h i s  u n i t  i s  found i n  F igure  4 . 4 .  

The o u t p u t  of  t h e  pulsed o s c i l l a t o r  u n i t  is  coupled d i r e c t l y  to  t h e  g r i d  of  

a 5763 c l a s s  C a m p l i f i e r  s t a g e .  Although d r i v e  requirements  f o r  t h e  5763 would 

be much less i f  impedance matching had been used i n  the  g r i d  c i r c u i t ,  t h e  problems 

of  a d d i t i o n a l  tuning adjus tments  and n e u t r a l i z a t i o n  of  a tuned- pla te  tuned-grid 

c i r c u i t  more than o f f s e t  any advantages of  impedance matching. Moreover, by 

des igning a l l  c i r c u i t s  t o  provide more than adequate d r i v e  f o r  the  fo l lowing 

s t a g e ,  a l l  a m p l i f i e r s  a r e  ope ra ted  w e l l  below t h e i r  maximum r a t i n g s ,  improving 

t h e  long- term r e l i a b i l i t y  of  the  sys tem.  The o u t p u t  of  t h e  5763 a m p l i f i e r ,  and 

t h e r e f o r e  t h e  d r i v e  to  succeeding s t a g e s ,  is  c o n t r o l l e d  by varying  t h e  s c r e e n  

vo l t age  t o  the  tube (RF Drive C o n t r o l ) .  The tuned c i r c u i t  i n  the p l a t e  of  the  

5763 is the tuning adjustment  f o r  both  t h e  5763 s t a g e  and the g r i d  c i r c u i t  of 

the 4CN15A a m p l i f i e r  s t a g e  (Grid Tuning C o n t r o l ) .  

The e x c i t o r  power a m p l i f i e r  s t a g e  uses  one Eimac 4CN15A tube i n  a tuned 

RF a m p l i f i e r  c i r c u i t .  (The 4CN15A is a ve r s ion  of t h e  4CX3OOA designed 

s p e c i f i c a l l y  f o r  pu l se  o p e r a t i o n  a t  low duty  cycles.)  This  s t a g e  is  keyed by 

a 1000 v o l t  p u l s e  a p p l i e d  t o  the p l a t e  and,  through a dropping c i r c u i t ,  t o  the 

s c r e e n .  The sc reen  g r i d  is opera ted  a t  300 v o l t s  du r ing  t h e  pu l se  by us ing  

two OA2 gas  r e g u l a t o r  tubes  t o  l i m i t  t h e  pu l se  ampl i tude .  Experimentat ion wi th  

these  gas  r e g u l a t o r  tubes  has  shown t h a t  they w i l l  i o n i z e  and r e g u l a t e  w i t h i n  4 
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microseconds wi th  a maximum overshoot  of approximately 75 v o l t s .  The overshoot 

requirement is p a r t i c u l a r l y  important  because of t h e  400 v o l t  DC r a t i n g  of t h e  

sc reen  by-pass c a p a c i t o r  b u i l t  i n t o  t h e  Eimas SK-700 socket  used. The manu- 

f a c t u r e r  r a t e s  t h e  c a p a c i t o r  a t  1000 v o l t s  DC t e s t s ,  but  exper ience  has shown 

t h a t  t h i s  r a t i n g  is  t h e  abso lu te  

breakdown occurs.  The gas tubes  

a m p l i f i e r  s t age .  

- 
maximum vol tage  t h e  c a p a c i t o r  can handle be fo re  

g r e a t l y  improve t h e  r e l i a b i l i t y  of t h e  4CN15A 

The tuned output  of t h e  4CN15A a m p l i f i e r  ( P l a t e  Tuning Contro l )  is coupled 

t o  t h e  50 ohm c o a x i a l  c a b l e  output  by means of convent ional  l i n k  coupling,  The 

impedance t r ans fo rmat ion  r a t i o  was determined e m p i r i c a l l y  wi th  a Wayne K e r r  

B601 impedance bridge.  

An a d j u s t a b l e  b i a s  supply cons t ruc ted  on t h e  same c h a s s i s  as t h e  5763 and 

4CN15A s t a g e s  provides  -100 v o l t s  of f i x e d  b i a s  f o r  t h e s e  s t a g e s .  

Also cons t ruc ted  on t h e  same c h a s s i s  is t h e  pu l se  gene ra to r  c i r c u i t  and 

pu l se  modulator c i r c u i t .  The t r i g g e r  pu l se  genera ted  by t h e  t iming and c o n t r o l  

u n i t  i s  i n v e r t e d  i n  a 12AU7 s t a g e  and appl ied  t o  a 12AU7 50 microsecond mono- 

s t a b l e  m u l t i v i b r a t o r ,  The pu l se  width is ad jus ted  wi th  a potent iometer  i n  t h e  

g r i d  c i r c u i t  of t h e  second t r i o d e  of t h e  "one-shot?' (Pulse  Width Con t ro l ) .  This  

pu l se  is  shaped and ampl i f ied  i n  t h e  fo l lowing s t a g e s  of t h e  6AL5 and 12AU7 

tubes ,  The r e s u l t a n t  60 v o l t  negat ive  pu l se  g a t e s  t h e  pu l se  modulators f o r  t h e  

e x c i t o r ,  d r i v e r ,  and f i n a l  a m p l i f i e r  u n i t s  of t h e  t r a n s m i t t e r  (50 @ec pu l se  

ou tpu t ) .  

The pu l se  modulator c i r c u i t  f o r  t h e  e x c i t o r  and d r i v e r  s t a g e s  uses  an 

807W/5933 tube  as  a pu l se  a m p l i f i e r  and a 3329 tube as  a pu l se  modulator t o  

p roxide ~-a ..+;lQQo-. sa.l&.+u&.sa. far-kquag ' -.a2 tba-plateaaad screen-gride circuits of 

the 4CN15A and t h e  sc reen- gr id  c i r c u i t  of t h e  4PR400A d r i v e r  tubes .  The output  

d 
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t .  f .  

o f  t h e  pu l se  modulator is clamped a t  -300 v o l t s  under cond i t i ons  o f  no pu l se  

i n p u t  t o  a s s u r e  complete cu t- of f  of t he  keyed s t a g e s .  

Fi lament  requirements  o f  t h e s e  pu l se  t ubes  a s  w e l l  a s  those  o f  t h e  5763 

and 4CN15A tubes  a r e  supp l i ed  by a s i n g l e  6 .3  VAC f i l amen t  t ransformer  a l s o  

l oca t ed  on t h e  e x c i t o r  c h a s s i s .  The f300 v o l t s  r equ i r ed  f o r  t h e  pu lse  and 

5763 s t a g e s  i s  supp l i ed  by the  Low-voltage Power Supply u n i t .  

46W15A 100 Watt E x c i t o r  Ampl i f ie r  Design Notes 

(during pu l se )  = 1,000 v o l t s  
Ebb DC p l a t e  supply v o l t a g e ,  

DC sc reen  supply v o l t a g e ,  (during pu l se )  = 300 v o l t s  Ec2 

DC c o n t r o l  g r i d  b i a s  v o l t a g e ,  Ecc = -100 v o l t s  

RF Drive i s  ad jus t ed  so t h a t  : 

Max i n s t .  p l a t e  c u r r e n t ,  i max 

Min i n s t .  p l a t e  v o l t a g e ,  e min 

b 

b 

= 0.800 amps 

= 75 v o l t s  

Max i n s t .  g r i d  v o l t a g e ,  e max = +2.5 v o l t s  
C 

The 5- point  "Chaffee" [1936] approximation technique is  used t o  o b t a i n  t h e  

fol lowing parameters  for t he  tube du r ing  t h e  pu l se .  

= 200 mA 

= 20 mA 

= 1 4  mA 

'bb De p l a t e  c u r r e n t ,  

DC sc reen  c u r r e n t ,  

DC c o n t r o l  g r i d  c u r r e n t ,  

Peak fundamental RF p l a t e  c u r r e n t ,  i 

Peak fundamental RF g r i d  c u r r e n t ,  i 

IC2 

Icc 

= 360 IIIA b l  

= 25 mA 
61 

RF power o u t p u t ,  

'in DC p l a t e  power i n p u t ,  

P l a t e  c i r c u i t  e f f i c i e n c y ,  

RF d r i v i n g  power, 

% 
'd 

= 167 w a t t s  

= 200 w a t t s  

= 83.5% 

= 1.28  wa t t s  

x 
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RF p l a t e  load  r e s i s t a n c e ,  R = 2,560 ohms 

RE' g r i d  d r i v i n g  r e s i s t a n c e ,  R = 4,100 ohms 
g 

The p l a t e  tuned c i r c u i t  was e m p i r i c a l l y  designed with t h e  Wayne-Kerr 

P I  

impedance br idge  t o  match the 2500 ohm p l a t e  load  t o  the  50 ohm c o a x i a l  l i n e .  

The primary winding is designed f o r  a minimum loaded Q of 10  with an inductance 

of 30 phy. A s i n g l e  s e c t i o n  30 t o  250 pF v a r i a b l e  c a p a c i t o r  tunes the output  

tank 

The g r i d  i n p u t  r e s i s t a n c e  is  s u f f i c i e n t l y  c l o s e  t o  t h a t  of the 5763 p l a t e  

c i r c u i t  t h a t  no matching s y s t e m  i s  requ i red .  The g r i d  tuned c i r c u i t  i s  l i k e-  

w i s e  designed f o r  a minimum loaded Q of 10. 

A f u t u r e  improvement planned f o r  t h i s  s t a g e  is  to remove the pu l se  c i r c u i t s  

t o  a c h a s s i s  s e p a r a t e  from t h e  BF c i r c u i t r y .  .Some t r o u b l e  has  been experienced 

w i t h  spur ious  t r i g g e r i n g  o f  the  "one-shot" by s t r a y  RF  genera ted  by the  

4eN15A s t a g e .  Extens ive  s h i e l d i n g  of both c i r c u i t s  has reduced t h e  problem 

cons ide rab ly ,  bu t  phys ica l  s e p a r a t i o n  is  t h e  l o g i c a l  s o l u t i o n ,  . A d d i t i o n a l l y ,  

some thought  has  been g iven t o  the p o s s i b i l i t y  of t r a n s i s t o r i z i n g  both t h e  

5763 and 4CM15A s t a g e s .  Cur ren t  advances i n  semiconductor c o n s t r u c t i o n  i n d i c a t e  

t h a t  100 w a t t s  of pulsed RE' power a t  2.00 t o  3.50 m c / s  is  f a i r l y  e a s i l y  and 

economically achieved.  The p r i n c i p a l  advantages of such a des ign  would be 
'c 

r educ t ion  of  h e a t ,  e l i m i n a t i o n  of f i l amen t  t r ans fo rmers ,  and e l i m i n a t i o n  of 

t h e  need f o r  a h igh- vol tage  power source .  

Dr iver  Ampl i f ie r  S tage  

The d r i v e r  a m p l i f i e r  s t a g e  is  a push-pull c l a s s  C power a m p l i f i e r  capable  

of  d e l i v e r i n g  approximately 5,000 wa t t s  of  RE' energy dur ing  the pu l se  t o  t h e '  

g r i d s  of  the  f i n a l  a m p l i f i e r  tubes ,  A b i a s  supply  is  cons t ruc ted  i n  t h e  same 
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u n i t  a s  t he  d r i v e r ,  but  a l l  o t h e r  vo l t ages  a r e  furn ished  by s e p a r a t e  power 

s u p p l i e s .  The e n t i r e  u n i t  is  cons t ruc t ed  i n  a s h i e l d  enc losu re  and mounted on 

a 14- inch rack  panel .  The schematic  diagram of  t he  d r i v e r  a m p l i f i e r  s t a g e  is  

found i n  R g u r e  4 .5 .  

Two E i m a c  4PR400A t e t r o d e s  a r e  used i n  a c l a s s  C, push-pull  a m p l i f i e r  s t a g e .  

These tubes  a r e  designed s p e c i f i c a l l y  f o r  use i n  pulsed s e r v i c e  and inco rpo ra t e  

l a r g e r  cathode elements  t o  wi ths tand  h ighe r  pu l se  c u r r e n t s  than would be expected 

i n  continuous-wave ope ra t i on .  The 4PR400A tubes  e a s i l y  provide s u f f i c i e n t  

d r i v i n g  power t o  the  f i n a l  a m p l i f i e r  without  exceeding any of  t h e i r  r a t i n g s .  

The tubes  a r e  keyed by pu l s ing  the  s c r e e n  supply w i t h  t h e  same pulse  

modulator used t o  key t h e  4CM15A s t a g e  of  the  e x c i t o r .  The sc r een  vo l t age  is  

approximately 1000 v o l t s  du r ing  t h e  pu l se  and -300 v o l t s  between pu l se s .  

The 100 wat t  ou tpu t  of the  e x c i t o r  s t a g e  i s  l i n k  coupled t o  the push-p911i3 

g r i d  tuned c i r c u i t .  Con t ro l  g r i d  b i a s  i s  fu rn i shed  by the -600 v o l t  supply 

cons t ruc t ed  on the  same c h a s s i s  a s  t h e  d r i v e r  s t a g e .  The b i a s  supply is  com- 

p l e t e l y  a d j u s t a b l e  from 0 t o  -850 v o l t s  and i s  metered f o r  monitoring purposes .  

An Eimac SIC-410 a i r- sys tem socke t  and chimney i s  used f o r  each 4PR400A. 

Sepa ra t e  15 cfm blowers a r e  used t o  cool  each  tube .  S ince  the  duty  c y c l e  of  

t h e  t r a n s m i t t e r  is  very low, coo l ing  requirements  a r e  minimal. 

The p l a t e  c i r c u i t  o f  t h e  a m p l i f i e r  is  a convent iona l  push-pull  balanced 

tuned c i r c u i t  designed f o r  a loaded Q of  approximately 12. The secondary winding 

d r i v e s  t he  g r ids  o f  t he  f i n a l  a m p l i f i e r  tubes  d i r e c t l y .  The p l a t e  c i r c u i t  is 

tuned wi th  a l a r g e  100 pF v a r i a b l e  c a p a c i t o r  ( P l a t e  Tuning C o n t r o l ) .  A meter i n  

series wi th  t h e  cathode l e a d s  of  t h e  t ubes  provides  cont inuous i n d i c a t i o n  of 

combined p l a t e ,  s c r een  and c o n t r o l  g r i d  c u r r e n t .  S ince  the  DC p l a t e  c u r r e n t  o f  
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t h e  tubes  is  an o r d e r  of magnitude g r e a t e r  t h a n  combined s c r e e n  and c o n t r o l  

g r i d  DC c u r r e n t s ,  t h e  meter i n d i c a t e s  p r i m a r i l y  p l a t e  c u r r e n t ,  wi th  10% 

accuracy. A 1 O : l  shunt and swi tch  are provided so t h a t  p l a t e  c u r r e n t  can be 

monitored a t  e i t h e r  h igh  or low pu l se  r e p e t i t i o n  rates. The DC p l a t e  v o l t a g e  

of t h e  d r i v e r  t u b e s  is  5,000 v o l t s  provided by t h e  high- voltage power supply. 

4PR400A 5,000 w a t t  Dr ive r  Ampli f ier  Design Notes 

DC p l a t e  supply  vo l t age ,  Ebb 

DC s c r e e n  supply  v o l t a g e ,  Ec2 (dur ing pu l se )  

DC c o n t r o l  g r i d  b i a s  v o l t a g e ,  

RF Drive  is ad jus ted  so  t h a t :  

Ecc 

Max i n s t .  p l a t e  c u r r e n t ,  i max 

Min i n s t .  p l a t e  v o l t a g e ,  eb min 

Max i n s t .  g r i d  vo l t age ,  e max 

b 

C 

= 5,000 v o l t s  

= 1,000 v o l t s  

= -600 v o l t s  

= 3,OO amps 

= 1,000 v o l t s  

= 80 v o l t s  

The 5-point "Chaffee" [ 19361 approximation technique is  used t o  o b t a i n  t h e  

fo l lowing parameters  f o r  one tube  dur ing  t h e  pu l se :  

Ibb 
DC p l a t e  c u r r e n t ,  

DC s c r e e n  c u r r e n t ,  

DC c o n t r o l  g r i d  c u r r e n t ,  

Peak fundamental RF p l a t e  c u r r e n t ,  i 

Peak fundamental RF g r i d  c u r r e n t ,  i 

RF power ou tpu t ,  P 

DC p l a t e  power i n p u t ,  Pin 

P l a t e  c i r c u i t  e f f i c i e n c y ,  qp 

RF d r i v i n g  power, 

RF p l a t e  load r e s i s t a n c e ,  R 

RF g r i d  d r i v i n g  r e s i s t a n c e ,  R 

IC2 

Icc 

b l  

c l  

0 

'd 

P l  

g 

= 0.800 amps 

= 70 mA 

= 10 mA 

= 1.35 amps 

= 18 mA 

= 2,700 w a t t s  

= 4,000 w a t t s  

= 67.5% 

= 6 3  w a t t s  

= 2,960 ohms 

= 3,900 ohms 
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For two tubes  i n  push- pul l ,  t he se  parameters  become: 

= 1 . 6 0  amps 

= 140 mA 

= 20 mA 

= 5,400  w a t t s  

'bb 

IC2 

Icc 

'in 

'd 

R 
P l  

= 8,000 w a t t s  

= 126 w a t t s  

= 5 ,920  ohms 

R = 7 ,800  ohms 

Since  t he  range of  t h e  tun ing  capac i t ance  f o r  t he  p l a t e  c i r c u i t  i s  r e s t r i c t e d  

g. 

t o  60-150 pF, i t  i s  necessary  to use two plug- in c o i l s  t o  cover  t h e  e n t i r e  range 

of  Prequencies  from 2 .00  t o  3.50 MHz, An E .  F.  Johnson 1000LCS80 c o i l ,  wi th  an 

inductance of 45 VHy, is used f o r  f r equenc i e s  from 2 .00  t o  2 .70  MHz, r e s u l t i n g  

i n  loaded Q ' s  between 15 and 10. An E .  F. Johnson 1OOOHCS80 c o i l  wi th  an 

induc tance  of  27 UHy, i s  used f o r  t h e  2 .50  t o  3 . 5 0  MHz f requency r ange ,  a l s o  

ach iev ing  loaded Q ' s  between 10 and 15 .  The secondary winding was e m p i r i c a l l y  

determined by use of t h e  Wayne K e r r  B601 balanced impedance br idge  t o  match the 

6,000 ohm p l a t e- t o- p l a t e  impedance of t he  4PR400A's t o  t h e  240 ohm g r id- to- gr id  

impedance o f  t he  7214 ' s .  

The g r i d  tuned c i r c u i t  is  l i kewi se  designed f o r  a range of loaded Q ' s  

between 10 and 20 ove r  t h e  frequency range from 2.00 t o  3 . 5 0  MHz. The tun ing  

c a p a c i t o r  used i n  t he  g r i d  c i r c u i t  ha s  a s u f f i c i e n t  ad jus tment  range t o  permit  

u se  of  one c o i l  f o r  t h e  e n t i r e  f requency range .  This  tank  was a l s o  designed 

e m p i r i c a l l y  wi th  t h e  impedance b r i d g e .  

Future  improvements d e s i r a b l e  f o r  t h i s  u n i t  i nc lude  c o n s t r u c t i o n  on a 

l a r g e r  c h a s s i s  and r e l a y  r ack  pane l  (24 inches  wide) ,  replacement  of  t he  l a r g e  
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a i r - i n s u l a t e d  v a r i a b l e  p l a t e  c i r c u i t  tuning c a p a c i t o r  w i th  a vacuum-variable 

c a p a c i t o r ,  and replacement of  the blowers w i th  u n i t s h a v i n g  a l a r g e r  coo l ing  

c a p a c i t y  and high r e l i a b i l i t y .  

F i n a l  Ampl i f ie r  Uni t  

The f i n a l  a m p l i f i e r  s t a g e  employs two RCA 7214 ceramic t e t r o d e  tubes  

i n  a push-pull  con f igu ra t i on  t o  d e l i v e r  50,000 wa t t s  of  E@ energy t o  t h e  

antenna.  The type  7214 was chosen because o f  i t s  smal l  s i z e ,  h igh  perform- 

ance a t  low p l a t e  v o l t a g e s ,  and r e l a t i v e l y  h igh  power g a i n .  The schematic  

diagram of  t h e  f i n a l  a m p l i f i e r  u n i t  i s  found i n  Figure 4 . 6 .  

The g r i d  i npu t  c i r c u i t  of  t h e  a m p l i f i e r  is  a secondary winding on 

t h e  ou tput  c o i l  of  the  d r i v e r  a m p l i f i e r  s t a g e .  I n  o r d e r  t o  preserve  s y s -  

t e m  s h i e l d i n g ,  s h o r t  l eng ths  of  c o a x i a l  c a b l e  a r e  used t o  connect the 

g r i d s  of  t he  f i n a l  tubes  t o  t h e  g r i d  winding. The l e n g t h s  a r e  much too  

s h o r t  to  cause any impedance t ransformat ion  because of mismatch and do 

n o t  have s u f f i c i e n t  shunt  capac i tance  t o  a f f e c t  t h e  tun ing  o f  t he  d r i v e r  

p l a t e  c i r c u i t .  The DC g r i d  b i a s  vo l t age  f o r  t he  tubes  is  genera ted  i n  a 

b i a s  supply cons t ruc t ed  on the  same c h a s s i s  a s  t he  f i n a l  a m p l i f i e r  and 

connected t o  the  center  t a p  of  t h e  g r i d  winding through ano the r  l e n g t h  o f  

c o a x i a l  c ab l e .  The nominal g r i d  b i a s  vo l t age  f o r  t h e  7214 tubes  i s  -200 

v o l t s ,  a l though some improvement i n  pu l se  shape a t  t he  expense of  ou tpu t  

power can be r e a l i z e d  by i n c r e a s i n g  t h e  b i a s  vo l t age  t o  -300 v o l t s .  

A s  was t h e  c a s e  i n  t h e  d r i v e r  a m p l i f i e r  s t a g e ,  t he  f i l amen t s  of t h e  7214's 

have a r a t h e r  h igh  cu r ren t  requirement (17.5 amperes pe r  t u b e ) ,  n e c e s s i t a t i n g  t he  

use  of  s e p a r a t e  f i l amen t  t ransformers  f o r  each tube.  The f i l amen t  vo l t age  of 

x 
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each tube  is  complete ly  a d j u s t a b l e  from 0 t o  5.6 VAC t o  permit  g radua l  appl ica-  

t i o n  of f i l ament  vo l t age ,  Monitoring of e i t h e r  f i l ament  vo l t age  is provided wi th  

a panel-mounted m e t e r  and m e t e r  and meter swi tch.  

Three blowers are used t o  c o o l  t h e  7214 tubes  and o t h e r  components i n s i d e  

t h e  f i n a l  a m p l i f i e r  c a b i n e t .  O r i g i n a l l y ,  two 15 cfm blowers were i n s t a l l e d ,  

one f o r  each 7214 tube ,  but  it w a s  found t h a t  t h e s e  blowers were i n s u f f i c i e n t  

t o  c o o l  t h e  tubes  and t h a t  hea t  genera ted  by o t h e r  components i n  t h e  same c a b i n e t  

was excess ive ,  I n s t a l l a t i o n  of a s i n g l e  r o t a r y  f a n  a t  t h e  t o p  of t h e  c a b i n e t  

r e s u l t e d  i n  improved coo l ing  of t h e  f i n a l  a m p l i f i e r  u n i t .  

The 7214, designed f o r  very  high and u l t r a - h i g h  frequency o p e r a t i o n ,  uses  

c o n c e n t r i c  r i n g s  f o r  a l l  e l emcn t  connections.  In  h igh  frequency a p p l i c a t i o n s  , 
t h e s e  r i n g s  a r e  i d e a l  f o r  use  i n  tuned- l ine  o r  c a v i t y  c i r c u i t s ,  However, a t  

t h e  lower r a d i o  f requenc ies  such as those  d e s i r e d  f o r  t h i s  a p p l i c a t i o n ,  connec- 

t i o n  t o  t h e  tube elements p r e s e n t s  a problem. Custom-made socke t s  are a v a i l a b l e  

fok t h i s  tube ,  but  are q u i t e  expensive  and r e q u i r e  long d e l i v e r y  t i m e s ,  The 

s o c k e t s  used i n  t h e  shipboard t r a n s m i t t e r  were c o n s t r u c t e d  a t  t h e  Univers i ty  of 

I l l i n o i s  by s o l d e r i n g  l e n g t h s  of number 14 copper w i r e  around t h e  c o n c e n t r i c  

element r i n g s  of t h e  tubes  and mechanically mounting t h e  tubes  and t h e  t e rmina l s  

f o r  each element i n  3/8-inch t h i c k  p l e x i g l a s s  boxes, These socke t s  f u n c t i o n  

q u i t e  w e l l ,  but  p resen t  s e r i o u s  drawbacks when tube  replacement or t e s t i n g  i s  

r e q u i r e d ,  I n  a d d i t i o n ,  some t r o u b l e  was exper ienced wi th  tube  i n s t a b i l i t y  due 

t o  inadequate sc reen- gr id  bypass ing,  T h i s  l a t t e r  problem was cured by i n s e r t i o n  

of a low va lue  of r e s i s t a n c e  i n  series wi th  each s c r e e n  i n s i d e  t h e  tube socket .  

The sc reen  g r i d s  of t h e  7214's are keyed wi th  a 1000 v o l t  pu l se  genera ted 

by a pu l se  modulator s i m i l a r  i n  des ign  t o  t h a t  desc r ibed  p r e v i o u s l y  i n  connect ion 
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wi th  t he  e x c i t o r  s t a g e .  The pu l se  modulator u se s  a 5933/807W a m p l i f i e r  tube  and 

7094 pu l se  modulator tube .  The screens a r e  h e l d  a t  a vo l t age  o f  -300 v o l t s  

between pu l se s  t o  a s s u r e  complete cu t- of f  o f  the f i n a l  a m p l i f i e r  tubes .  Th i s  

pu l se  modulator s t a g e  i s  l o c a t e d  on t h e  same c h a s s i s  a s  t h e  f i n a l  a m p l i f i e r  and 

was one of  t h e  causes  o f  the  coo l ing  problem. 

The p l a t e  c i r c u i t  o f  the f i n a l  a m p l i f i e r  s t a g e  i s  a balanced push-pull  

tuned c i r c u i t  designed t o  have a loaded Q of  approximately 15 a t  t h e  f i n a l  

ou tpu t  p l a t e- t o- p l a t e  impedance of 550 ohms, A h igh  capac i tance  (1700 pF 

maximum), 15,000 v o l t  vacuum-variable c a p a c i t o r  (Jennings UCSF - 1700) i s  

used t o  tune  t h e  p l a t e  c i r c u i t  ( P l a t e  Tuning C o n t r o l ) ,  The ou tpu t  l i n k  i s  

very  c l o s e l y  coupled t o  t h e  p l a t e  winding by l o c a t i n g  i t  phys i ca l l y  i n s i d e  of  

t h e  l a t t e r  winding. The l i n k  size was e m p i r i c a l l y  ad jus t ed  w i t h  the  impedance 

br idge  t o  r e f l e c t  t h e  c o r r e c t  p l a t e- to- p la t e  impedance wi th  a 50 ohm load  o n  

the  l i n k .  The c i r c u i t ,  when set  up i n  t h i s  manner, w i l l  on ly  provide t h e  

c o r r e c t  p l a t e- to- p la t e  impedance (and t h e r e f o r e  t h e  f u l l  ou tpu t  power of  50,000 

w a t t s )  when loaded wi th  50 ohms. For  t h i s  r ea son ,  g r e a t  c a r e  i s  r equ i r ed  t o  

a s s u r e  t h a t  antennas a r e  c l o s e l y  matched t o  50 ohms. 

The +2,000 v o l t s ,  and f300 v o l t s  and 6 . 3  VAC f o r  t h e  pulse-modulator c i r c u i t  

a r e  suppl ied  through sh i e lded  c a b l e s  from t h e  low-voltage power supply u n i t .  The 

+5,000 v o l t s  f o r  the f i n a l  a m p l i f i e r  p l a t e  c i r c u i t  i s  supp l i ed  through a sh i e lded  

c a b l e  from t h e  high- vol tage power supply u n i t .  S ince  the  energy s t o r a g e  capac i-  

t o r s  f o r  t h e  p l a t e  supply a r e  l oca t ed  i n  t h e  high- voltage supp ly ,  i t  was necessary  

t o  use w i r e  l a r g e  enough t o  handle  t h e  D a  pulse  c u r r e n t  and i n s u l a t e d  t o  w i t h -  

s t a n d  a t  l e a s t  10,000 v o l t s .  
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= 5,000 v o l t s  

DC s c r een  supply v o l t a g e ,  (during pu l se )  = 1,000 v o l t s  

Ebb DC p l a t e  supply v o l t a g e ,  

DC c o n t r o l  g r i d  b i a s  v o l t a g e ,  Ecc = -200 v o l t s  

RE' Drive is a d j u s t e d  so  t h a t :  

Max i n s t .  p l a t e  c u r r e n t ,  i max = 22 amps 
b 

b 
Min i n s t .  p l a t e  v o l t a g e ,  e min = 1,000 v o l t s  

Max i n s t  g r i d  vo l t age  , e max = +270 v o l t s  
C 

The 5- point "Chaffee" [1936] approximation technique is  used t o  o b t a i n  t h e  

fo l lowing  parameters  f o r  one tube du r ing  t h e  pu lse :  

= 8 .34  amps 

= 1.50 amps 

= 2 .25  amps 

= 14 .4  amps 

= 4.00  amps 

'bb DC p l a t e  c u r r e n t ,  

DC s c r een  g r i d  c u r r e n t ,  

DC c o n t r o l  g r i d  c u r r e n t ,  

Peak fundamental RF p l a t e  c u r r e n t ,  i 

Peak fundamental RF g r i d  c u r r e n t ,  i 

IC2 

I C C  

b l  

cl 

RF power o u t p u t ,  = 28,8  kW 

'in DC p l a t e  power i n p u t ,  

P l a t e  c i r c u i t  e f f i c i e n c y ,  

RF d r i v i n g  power, 

RF p l a t e  load  r e s i s t a n c e ,  R 

RF g r i d  d r i v i n g  r e s i s t a n c e ,  R 

'IP 

'd 

P l  

g 

For two tubes  i n  push- pull ,  t h e s e  parameters  become: 

'bb 

= 41.6 kW 

= 69.2% 

= 940 w a t t s  

= 274 ohms 

= 120 ohms 

= 16.68 amps 

= 3.00 amps 
IC2 

= 4 -48  amps 
I C  
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= 57.6 kW 

'in = 83.2  kW 

= 1860 w a t t s  'd 

= 550 ohms R 

R = 240 ohms 

The p l a t e  tank  of the f i n a l  a m p l i f i e r  matches t he  50 ohm, unbalanced 

RG-17/U c o a x i a l  c ab l e  t o  the  balanced 550 ohm p la t e- to- p la t e  impedance of 

the  tubes .  An E. F .  Johnson l O O O L C S 2 0  c o i l  tuned w i t h  a Jennings UCSF - 1700 

vacuum-variable c a p a c i t o r  is used a s  t he  f i n a l  a m p l i f i e r  p la te- tank  c i r c u i t .  

I n  o r d e r  t o  preserve  a minimum loaded Q of 10 and provide t he  c o r r e c t  impedance 

r a t i o  a t  f r equenc i e s  from 2.00 t o  3 .50  MHz, i t  i s  necessary  t o  t a p  t h e  p l a t e  

connect ions down one t u r n  from each end of t h e  Johnson c o i l .  A s i x- t u r n  l i n k  

cons t ruc t ed  i n s i d e  the  Johnson c o i l  p rovides  the  c o r r e c t  impedance r a t i o  f o r  

most of  t h e  frequency range ,  bu t  an e i g h t  t u r n  l i n k  f o r  f requenc ies  between 

2 .00  and 2.50 MHz r e s u l t s  i n  more e f f i c i e n t  ope ra t i on  a t  t he se  lower f r equenc i e s .  

Coupling between the p l a t e  and output  windings is s u f f i c i e n t l y  g r e a t  t h a t  any 

leakage r eac t ance  c o n t r i b u t e d  by t h e  secondary can be co r r ec t ed  w i t h  t he  p l a t e  

tun ing  c o n t r o l .  The parameters  of  t h e  p l a t e  tank were determined e m p i r i c a l l y  

wi th  t h e  Wayne K e r r  B601  balanced impedance br idge .  The vo l t ages  p re sen t  i n  

the p la te- tank  c i r c u i t  a r e  s u f f i c i e n t l y  low t h a t  no problem has  been expe r i-  

enced wi th  i n s u l a t i n g  the  ou tpu t  winding from the  p l a t e  winding; t h e  l /2-inch 

a i r  gap between the two windings is  q u i t e  adequate .  

P l  

g 

A s  d i scus sed  p rev ious ly ,  t he  g r i d  FU? c i r c u i t  is  simply a c l o s e l y  coupled 

secondary winding on the d r i v e r  s t a g e  ou tpu t  tuned c i r c u i t .  

Pos s ib l e  f u t u r e  improvements f o r  t h e  f i n a l  a m p l i f i e r  s t a g e  a r e  numerous, 

I nco rpo ra t i on  of commercially cons t ruc t ed  tube socke t s  would be a very  worthwhile 
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improvement. The pu l se  modulator c i r c u i t  should  be c o n s t r u c t e d  on a s e p a r a t e  

c h a s s i s  t o  prevent  RF r e t r i g g e r i n g  problems, reduce h e a t  sources  i n  t h e  f i n a l  

a m p l i f i e r  c a b i n e t ,  and reduce the p h y s i c a l  component crowding. T h i s  l a t t e r  

problem could be g r e a t l y  reduced i f  t h e  f i n a l  a m p l i f i e r  s t a g e  were cons t ruc ted  

on a l a r g e r  c h a s s i s  and 24-inch wide r e l a y  r a c k  panel .  Placement of the  h igh  

vo l t age  energy s t o r a g e  c a p a c i t o r s  i n s i d e  t h e  f i n a l  a m p l i f i e r  c a b i n e t  would 

reduce l ead  induc tances ,  l e a d  r e s i s t a n c e s ,  and t h e  s ize  of t h e  c a b l e  t o  t h e  

h igh- vol tage  supply ,  Larger blowers f o r  each tube w i t h  a f i l ament  i n t e r l o c k  

system a r e  q u i t e  d e s i r a b l e .  Replacement of  the p r e s e n t  unregula ted  b i a s  supply  

wi th  a shunt  r egu la ted  supply would e l i m i n a t e  the " ~ e l f - b i a s ' ~  e f f e c t  t h a t  now 

0cc&3 a t  h igh pu l se  r e p e t i t i o n  r a t e s  because of t h e  charging of b i a s  supply 

c a p a c i t o r s  by g r i d  c u r r e n t  p u l s e s .  

The F i n a l  Ampli f ier  Unit  - Addendum 

Operat ion of t h e  o r i g i n a l  f i n a l  a m p l i f i e r  u n i t  a t  h igh  pu l se  r e p e t i t i o n  

r a t e s  (30 and 60 pps) r e s u l t e d  i n  s e r i o u s  c o o l i n g  problems and even tua l  f a i l u r e  

of t h e  f i n a l  a m p l i f i e r .  The a d d i t i o n a l  h e a t  genera ted  a t  the  h igh  r e p e t i t i o n  

r a t e s  was s u f f i c i e n t  t o  o x i d i z e  and p a r t i a l l y  m e l t  the  s o l d e r  on t h e  connect ions  

t o  the 7214 tubes ,  An a t t empt  was made t o  o f f s e t  t h i s  problem by us ing high 

mel t ing- point  s o l d e r  and clamp-type connec t ions ,  b u t  proved t o  be i n s u f f i c i e n t .  

A complete r e- a n a l y s i s  o f  t h e  c o o l i n g  requirements  of  t h e  7214 tubes  r e s u l t e d  

i n  t h e  r e d e s i g n  o f  the f i n a l  a m p l i f i e r  s t a g e  and i t s  b i a s  supply  and p u l s e  modu- 

l a t o r .  The redes igned f i n a l  a m p l i f i e r  i n c o r p o r a t e s  commercially des igned s o c k e t s  

f o r  t h e  7214 tubes  and much l a r g e r  b lowers ,  t h u s  r e q u i r i n g  cons ide rab ly  more 

p h y s i c a l  space than the  o r i g i n a l  f i n a l  a m p l i f i e r  stage. I t  was t h e r e f o r e  necessary  

t o  r e c o n s t r u c t  t h e  b i a s  supply  and pu l se  modulator c i r c u i t s  f o r  t h e  f i n a l  a m p l i f i e r  
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on a s e p a r a t e  c h a s s i s .  The des ign  and c o n s t r u c t i o n  o f  these t h r e e  u n i t s  a r e  

d i scussed  i n  the  fo l lowing paragraphs .  

Reconst ruct ion of t h e  f i n a l  a m p l i f i e r  s t a g e  was planned so t h a t  maximum 

u t i l i z a t i o n  of the o r i g i n a l  c a b i n e t ,  rack- panel ,  and vacuum-variable c a p a c i t o r  

mounting could  be r e a l i z e d ,  thereby reducing c o n s t r u c t i o n  t i m e  to a minimum. 

E l e c t r i c a l l y ,  the  improved f i n a l  a m p l i f i e r  s t a g e  is  i d e n t i c a l  t o  the o r i g i n a l  

c i r c u i t - - t h e  changes were a l l  i n  the mechanical arrangement of  components and 

i n  the coo l ing  system. The schematic diagram of the improved f i n a l  a m p l i f i e r  

u n i t  i s  found i n  Figure 4.7.  A photograph of the  improved f i n a l  a m p l i f i e r  is  

found i n  Figure  4 . 8 .  

S p e c i a l  s o c k e t s  designed and c o n s t r u c t e d  f o r  the 7214 tubes  by RCA 

(des ignated the  Y-102 s o c k e t )  were purchased f o r  i n s t a l l a t i o n  i n  the f i n a l  

a m p l i f i e r  s t a g e .  These s o c k e t s  i n c o r p o r a t e  beryllium-copper r i n g s  f o r  connec- 

t i o n  t o  the tube elements and a r e  designed t o  d i rec t  a l l  a i r  flow around t h e  

tube c o n c e n t r i c  r i n g s  and through t h e  p l a t e  coo l ing  f i n s  f o r  optimum c o o l i n g  

of the  tubes .  The RCA s o c k e t s  and tubes  t o g e t h e r  p r e s e n t  a much h i g h e r  p ressure  

load on t h e  coo l ing  blowers (approximately 0.3 inches  o f  water  a t  40 cfm) than 

t h e  previous  arrangement and n e c e s s i t a t e d  t h e  use o f  l a r g e r  blowers. The 

blowers selected a r e  Incor  B-3 blowers capable  of d e l i v e r i n g  30 t o  40 cfm of  

a i r  flow through the tube s o c k e t s  a t  t h i s  h igh s t a t i c  p ressure .  A i r  d u c t s  

cons t ruc ted  of sheet meta l  d i r e c t  a l l  of  the  a v a i l a b l e  blower a i r  o u t p u t  through 

the socke t  and tubes .  Separa te  blowers and d u c t s  a r e  provided f o r  each 7214 

tube.  An a i r- f low switch is  i n s t a l l e d  i n  t h e  a i r  duc t  t o  provide i n t e r l o c k  

p r o t e c t i o n  o f  t h e  tubes  should  t h e  a i r  f low s t o p .  

Great  c a r e  has  been taken t o  a s s u r e  complete RP grounding of the cathode 

and s c r e e n  g r i d  elements of  the tubes .  A l l  f o u r  o f  t h e  cathode t e rmina l s  of  
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t h e  socke t  a r e  t i e d  t o g e t h e r  w i t h  a l /2- inch wide copper s t r a p  and f o u r  bypass 

c a p a c i t o r s  t o  c h a s s i s  ground are spaced around t h e  s t r a p .  The sc r een  t e rmina l s  

are bypassed d i r e c t l y  t o  t h e  cathode a t  t h e  socke t ,  Copper s t r a p s  are used 

throughout t h e  improved f i n a l  a m p l i f i e r  f o r  a l l  p l a t e  c i r c u i t  and ground connec- 

t i o n s  i n  o r d e r  t o  minimize l ead  inductance.  

Since space l i m i t a t i o n s  r equ i r ed  c o n s t r u c t i o n  of t h e  f i n a l  a m p l i f i e r  b i a s  

supply  as  a s e p a r a t e  u n i t ,  it w a s  decided t o  r e v i s e  t h e  b i a s  supply  t o  provide 

t h e  a d d i t i o n a l  r e g u l a t i o n  r equ i r ed  f o r  o p e r a t i o n  a t  h igh  r e p e t i t i o n  rates,  The 

c i r c u i t  i s  an e l e c t r o n i c  shunt r e g u l a t o r  much l i k e  t h a t  used by Bel rose  e t  a l .  

(1964) i n  a s i m i l a r  app l i ca t i on .  A s i n g l e  6DC6 tube  ope ra t e s  as  t h e  shunt  

r e g u l a t o r  dev ice ,  The t a p  swi tch  i n  t h e  g r i d  c i r c u i t  a l lows adjustment of 

t h e  output  vo l t age  from -200 t o  -350 v o l t s  DC. (Grid Bias  Adjust Cont ro l ) .  

Metering of t h e  b i a s  vo l t age  i s  accomplished w i t h  a vo l tmeter  l oca t ed  on t h e  

f i n a l  a m p l i f i e r  u n i t  as  it was o r i g i n a l l y .  The schematic  diagram of t h e  f i n a l  

a m p l i f i e r  b i a s  supply  i s  found i n  F igure  4.9. 

-- 

Space l i m i t a t i o n s  i n  t h e  f i n a l  a m p l i f i e r  a l s o  r equ i r ed  r e c o n s t r u c t i o n  of 

t h e  s c r e e n  pu l se  c i r c u i t s  on a s e p a r a t e  c h a s s i s .  Because of t h e  problems assoc i-  

a t e d  wi th  t h e  RF t r i g g e r i n g  of t h e  pu l se  c i r c u i t s  l o c a t e d  on t h e  e x c i t o r  c h a s s i s ,  

i t  w a s  decided t o  r e c o n s t r u c t  a l l  t r a n s m i t t e r  pu l se  c i r c u i t s  on one c h a s s i s  t o  

t a k e  t h e  p l ace  of t h e  pu l se  c i r c u i t s  on t h e  e x c i t o r  c h a s s i s ,  I t  was a l s o  

decided t o  c o n s t r u c t  s e p a r a t e  p u l s e  modulators for t h e  4CN15A stage, t h e  4PR400A 

s t a g e ,  and t h e  f i n a l  a m p l i f i e r  s t a g e .  

The pu l se  modulator u n i t  t h e r e f o r e  i nco rpo ra t e s  t h e  12AU7 - 6AL5 monostable 

m u l t i v i b r a t o r  and a m p l i f i e r  c i r c u i t s  i d e n t i c a l  t o  t hose  o r i g i n a l l y  used on t h e  

e x c i t o r  c h a s s i s  as w e l l  as t h r e e  i d e n t i c a l  high- vol tage pu l se  modulator s t a g e s  

s i m i l a r  i n  des ign  t o  t h a t  o r i g i n a l l y  used i n  t h e  f i n a l  a m p l i f i e r  u n i t .  Each 
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p u l s e  modulator u se s  one 5933/807W tube  and one 7094 tube.  A d d i t i o n a l l y ,  a 6 UF 

3000 v o l t  c a p a c i t o r  i s  inc luded  i n  t h e  p u l s e r  t o  a s s u r e ’ , t h a t  adequate s t o r a g e  

capac i tance  is  a v a i l a b l e  t o  prevent  vo l t age  droop of  t he  high- voltage pu l se  

(approximately 1200 v o l t s  p o s i t i v e  dur ing  t h e  pu l se ) .  For t he  convenience of 

t e s t i n g ,  monitor  p o i n t s  a r e  provided f o r  t h e  m u l t i v i b r a t o r  ou tpu t  and f o r  each 

of the  t h r e e  high- voltage pu l se  modulatvr o u t p u t s .  The monitor ou tpu t s  a r e  

de r ived  from vo l t age  d i v i d e r s  so t h a t  the  ou tpu t  pu l se  :in each c a s e  is  wi th in  

a 10 t o  20 v o l t  range when a l l  c i r c u i t s  a r e  func t ion ing  c o r r e c t l y .  Fu ture  p l ans  

a r e  t o  extend t h i s  technique t o  o t h e r  s t a g e s  o f  t he  t r a n S m i t t e r  t o  f a c i l i t a t e  

adjustment  and maintenance o f  the t r a n s m i t t e r .  The schematic  diagram of t h e  

p u l s e  modulator u n i t  i s  found i n  Figure g O l O e  

Low-Voltage Power Supply 

The low-voltage power supply d e l i v e r s  t h e  fo l lowing  vo l t ages  t o  t r a n s m i t t e r  

u n i t s  : 

1. 0 t o  92,000 v o l t s  @ 200 mA max, a d j u s t a b l e .  
2 ,  9300 v o l t s  @ 100 mA max, e l e c t r o n i c a l l y  r e g u l a t e d .  
3, -300 v o l t s  AC @ PO amps max. 

The 2,000 v o l t  supply u se s  an a d j u s t a b l e  autotpansformer i n  t he  primary 

c i r c u i t  of  t h e  p l a t e  t ransformer  t o  ach ieve  volt’age. c o n t r o l .  

system is  composed of 16 type  F8 diodes  i n  a f u l l - w a v e -c i r c u i t ,  The F8 s i l i c o n  

diode was chosen because of i t s  r e l a t i v e l y  h igh  peak i n v e r s e  vo l t age  (800 v o l t s ) ,  

Pow forward vo l t age  drop (1 .0  v o l t  each a t  500 m A ) ,  and l a c k  of h e a t  gene ra t i on  

or  requirement  o f  f i l a m e n t  t ransformer .  E i g h t  d iodes  were used i n  each l e g  of 

t h e  rect i f ier  system t o  ach ieve  t h e  r equ i r ed  peak inve r se  vo l t age  rating,. Shunt 

The r e c t 4 f i e r  

c a p a c i t o r s  and r e s i s t o r s  a r e  used to e q u a l i z e  r eve r se  capac i t ances  of  &lie d iodes  

and t h e r e f o r e  e q u a l i z e  t h e  peak inve r se  vo l t age  a c r o s s  each  d iode .  The r e s i s t o r s  

have been chosen purposely h igh  agd the’ capac i t ances  low. t o  prevent  any degradiAg 
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of  r e c t i f i e r  performance. A choke- input ,  s i n g l e  s e c t i o n  f i l t e r  is used on t h e  

ou tpu t  of t h e  r e c t i f i e r s ,  The ou tpu t  vo l t age  of  t he  2,000 v o l t  supply i s  moni- 

to red  with a panel  meter. 

The p o s i t i v e  and nega t ive  300 v o l t  s u p p l i e s  both use a 450 v o l t  s i l i c o n  

r e c t i f i e r  supply be fo re  t he  r e g u l a t o r s .  Four F8 rec t i f iers  a r e  used i n  each 

supply and both  s u p p l i e s  i n c o r p o r a t e  a capac i to r- inpu t  f i l t e r .  The -300 v o l t  

Supply uses  tvdo type 0.42 gas  r e g u l a t o r  t ubes  t o  d e l i v e r  t h e  shunt  r egu la t ed  

-300 v o l t s .  The o p e r a t i n g  range of t he se  tubes  i s  5 t o  35 m A ,  r e s t r i c t i n g  

c u r r e n t  d r a i n  from t h i s  supply t o  30 hA maximum. 

The +300 v o l t  supply use? a s t anda rd  series e l e c t r o n i c  r e g u l a t o r  c i r c u i t ,  

-The 6080/6AS7G tube  is  t h e  series c o n t r o l  element and a twin t r i o d e  6SL7 s e r v e s  

a s  a r e f e r epce  comparator and c o n t r o l  a m p l i f i e r .  The 5651 gas  tube i s  used a s  

t he  r e f e r ence  vo l t age  source .  Fi laments  of  t h e  6080 and 6SL7 a r e  opera ted  from 

t h e  f i l amen t  t ransformer  t h a t  a l s o  f u r n i s h e s  all 6.3 VAC power r equ i r ed  by o t h e r  

u n i t s  of  t h e  t r a n s m i t t e r .  The +300 v o l t  and -300 v o l t  s u p p l i e s  a r e  vo l t age  mdni- 

t o r ed  wi th  a s i n g l e  meter and meter swi t ch .  The schematic  diagram of  t he  low- 

vo l t age  power s u p p l y - i s  found i n  F igure  4 .11 .  

P o s s i b l e  f u t u r e  improvements on t h e  low-voltage supply  a r e  numerous. The 

development of  400 v o l t ,  75 wa t t  s i l i c o n  t r a n s i s t o r s  has  made p o s s i b l e  t he  des ign  

o f  both series and shunt  regulatolr  c i r c u i t s  f o r  t he  +300 and -300 v o l t  s u p p l i e s  

t h a t  a r e  e n t i r e l y '  composed of  t r a n s i s t b r s  thereby  'e l iminat ing,  f i l a m e n t  s u p p l i e s  

and h e a t ,  and improving r e g u l a t i o n .  The -306 v o l t s  supply  could be redesigned 

for c u r r e n t s  up t o  100 m& with  g r e a t l y  improved r e g u l a t i o n .  The +300 v o l t  

supply could r e a l i z e  a much h i g h e r  degree o f  s t a b i l i t y  and r e g u l a t i o n  than is 

p o s s i b l e  wi th  t he  tube c i r c u i t r y .  
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I n  o r d e r  t o  reduce weight of  t h e  u n i t ,  i t  would be adv i sab l e  t o  s e p a r a t e  

-I- t he  -300 v o l t  s u p p l i e s  from t h e  2,000 v o l t  supply.  This  i s o l a t i o n  would r e s u l t  

i n  g r e a t e r  e a s e  o f  s e r v i c i n g  o f  each u n i t  than  is now p o s s i b l e .  

formers  should be l o c a t e d  on t h e  same c h a s s i s  a s  t h e  tubes  which they supply t o  

keep vo l t age  drop i n  c a b l e s  t o  a minimum. 

Fi lament  t r a n s-  

High-Vol tage  Power Supply Design 

Two high- voltage power s u p p l i e s  have been designed 

use wi th  t h e  shipboard t r d n s m i t t e r .  The o r i g i n a l  power 

power supply I ,  is capable  of  d e l i v e r i n g  5,000 v o l t s  DC 

and cons t ruc t ed  f o r  

supply , des igna ted  HV 

a t  c u r r e n t s  up t o  20 mA. 

Th i s  supply w i l l  handle  t h e  5,000 v o l t  requirements  of  t h e  t r a n s m i t t e r  i f  t h e  

maximum py l se  r e p e t i t i o n  r a t e  does no t  exceed 5 pps.  For  ope ra t i on -o f  t he  

t r a n s m i t t e r :  a t  30 and 60 pps ,  i t  has  been necessary  t o  c o n s t r u c t  a la‘rger 5,000 

v o l t  supply capable  of  d e l i v e r i n g  c u r r e n t s  up t o  100 mA, des igna ted  HV power 

supply  11. 

H71 Power Supply I Design 

Th i s  power supply  is  cons t ruc t ed  around a commercially a v a i l a b l e  high-  

vo l t age  power supply  u n i t ,  t he  D e l  PS 5-30-2. The D e l  power supply  uses 16 

s i l i c o n  r e c t i f i e r s  i n  a half-wave vol t?ge  doubl ing c i r c u i t  to- g e n e r a t e  , t h e  5 , O O b  

v o l t  ou tpu t  f rom’the 3,000 VAC winding of a p l a t e ’ t r a n s f o r m e r .  

o r i g i n a l l y  supp l i ed  by t h e  manufacturer  would wi ths tand  ,nei ther  t he  peak c u r r e n t  

requirements  of  t h e  s t o r a g e  c a p a c i t o r s - n o r  t h e  h e a t  and were t h e r e f o r e  rep laced  

wi th  16 F8 s i l i c o n  d iodes .  The ou tpu t  v o l t a g e  o f  t he  supply is  c o n t r o l l e d  by a 

v a r i a b l e  au to t r ans fo rmer  i n  t h e  primary c i r c u i t  of  t h e  p l a t e  t ransformer .  

The d iodes  a s  

I 

i 

Since  t h e < c u r r e n t  requirements  of  t h e  f i n a l  a m p l i f i e r  and d r i v e r  a m p l i f i e r  

a r e  very h igh  only  f o r  t h e  d u r a t i o n  o f  t h e  p u l s e ,  energy s t o r a g e  c a p a c i t o r s  a r e  
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used t o  supply the  c u r r e n t  r equ i r ed .  The h igh  vo l t age  supply simply charges  t h e  

c a p a c i t o r s  between pu l se s .  Two 8 c a p a c i t o r s  i n  p a r a l l e l  a r e  s u f f i c i e n t  t o  

reduce t he  ou tpu t  vo l t age  droop dur ing  t h e  pu lse  t o  100 v o l t s  or less. The 

50,000 ohm series r e s i s t o r  from the  D e l  power supply t o  the s t o r a g e  c a p a c i t o r s  

l i m i t s  t h e  maximum ou tpu t  of t h e  D e l  supply t o  20 mA and determines the  average 

charging c u r r e n t  t o  be approximately 5 mA f o r  o p e r a t i o n  a t  5 pps. A high- voltage 

t h y r a t r o n  crow-bar c i r c u i t  i s  used t o  r a p i d l y  d i scharge  the  s t o r a g e  c a p a c i t o r s  

should a f a u l t  occur  i n  t h e  f i n a l  a m p l i f i e r ,  The crow-bar c i r c u i t  a l s o  provides  

a r a p i d  means of  removing the h igh  vo l t age  from a l l  c i r c u i t s  when t h e  AC power 

t o  t h e  D e l  supply is turned  o f f .  An RCA 5563A t h y r a t r o n  i s  used a s  t h e  crow- 

ba r  tube .  A l a t c h i n g  r e l a y  i n  series w i t h  t h e  t h y r a t r o n  cathode c i r c u i t  

p rovides  i n t e r l o c k  f e a t u r e s  t o  i n s u r e  t h a t  t h e  t h y r a t r o n  be r e tu rned  t o  an "off"  

s t a t e  before  t he  high- voltage supply can be r e a c t i v a t e d .  P r o t e c t i o n  of  the  f i n a l  

a m p l i f i e r  tubes  from c u r r e n t  f a u l t s  is provided by monitor ing t h e  cathode c u r r e n t s  

of  t h e  t ubes .  If an exces s ive  c u r r e n t  surge  should pass  through t h e  f i n a l  

a m p l i f i e r  cathode c i r c u i t ,  t h e  p o s i t i v e  pu l se  genera ted  t r i g g e r s  the  t h y r a t r o n  

and s h u t s  o f f  t h e  5,000 v o l t  p l a t e  supply.  The crow-bar c i r c u i t  a l s o  func t ioned  

q u i t e  w e l l  a s  a p o s i t i v e  t r a n s m i t t e r  i n t e r l o c k  necessary  f o r  range s a f e t y  opera-  

t i o n s  aboard t h e  s h i p .  Grounding of t h e  g r i d  c i r c u i t  of  t h e  t h y r a t r o n  insured  

non-operation of  t h e  t r a n s m i t t e r .  The schematic  diagram o f  t he  high- vol tage 

power supply I is  found i n  F igure  4.12. 

High-Voltage Power Supply 11 Design 

Operat ion of  t h e  t r a n s m i t t e r  a t  pu l se  r e p e t i t i o n  r a t e s  of  30 and 60 pps 

r e q u i r e s  a power supply capable  o f  h ighe r  average power ou tpu t  and hence higher 

c u r r e n t  ou tpu t  than  t h e  prev ious  supply.  The a c t u a l  peak power r equ i r ed  du r ing  
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the  pu lse  does n o t  change, so these a r e  changes i n  t h e  s t o r a g e  c a p a c i t o r  r equ i r e-  

ments. To i n c r e a s e  t h e  average power ou tpu t  of t he  supply ,  t he  D e l  power supply 

u n i t  i s  rep laced  wi th  a convent iona l  p l a t e  t ransformer  and full-wave r e c t i f i e r  

c i r c u i t .  The rectif ier  i s  cons t ruc t ed  wi th  40 F8 s i l i c o n  d iodes  t o  ach ieve  

the  high peak r eve r se  vo l t age  r a t i n g  r equ i r ed .  Equal iz ing  r e s i s t o r s  and capac i-  

t o r s  a r e  used t o  minimize any diode- to-diode v a r i a t i o n s . i n  PIV or r eve r se  

capac i tance  parameters ,  A convent iona l  s i n g l e  s e c t i o n  choke- input f i l t e r  

provides  s u f f i c i e n t  f i l t e r i n g  of  t h e  r e c t i f i e r  ou tpu t  t o  charge the  s t o r a g e  

c a p a c i t o r s .  F i l t e r i n g  requirements  a r e  n o t  t o o  s t r i n g e n t ,  s i n c e  t he  charg ing’  

network for  t h e  s t o r a g e  c a p a c i t o r s  a l s o  behaves a s  a f i l t e r  section.. The 

t h y r a t r o n  crow-bar c i r c u i t  f o r  t h i s  supply i s  

desc r ibed .  7 The major d i f f e r e n c e  between t h i s  

I i s  the inc reased  s i z e  of  the  h ighe r  c u r r e n t  

i d e n t i c a l  w i t h  t h a t  p rev ious ly  

power supply  and MV power supply 

supply.  The l a r g e  phys i ca l  s ize  

o f  t h e  p l a t e  t ransformer  and r e c t i f i e r  bank r equ i r ed  c o n s t r u c t i o n  of t h e  

supply on two s e p a r a t e  chass i s  w i t h  . in te rconnec t ing  c a b l e s ,  One c h a s s i s  ho lds  

the  p l a t e  t ransformer  and r e c t i f i e r  bank; the  o t h e r  c o n t a i n s  the  s t o r a g e  capac i-  

t o r s  and crow-bar c i r c u i t ,  The c u r r e n t  meter on the supply  is provided w i t h  a 

10:l shdnt  and range swi tch  t o  permit  use o f  t he  supply 

r a t e s .  .The schematic  diagram of  t h e  high- voltage power 

Figure 4 .13 .  

Wallops I s l a n d  Transmi t t e r  

A s  mentioned p rev ious ly  , t he  shipboard1 t r a n s m i t t e r  

a t  a l l  pu l se  r e p e t i t i o n  

supply I1 i s  found i n  

r e p r e s e n t s  an ex t ens ion  

and improvement i n  des ign  ove r  a t r a n s m i t t e r  designed by A .  ,€Is Gschwendtner i n  

1963-1964 f o r  use  i n  an i onosphe r i c  sounding i n s t a l l a t i o n  a t  N . A . S . A .  Wallops 

I s l a n d ,  V i r g i n i a .  The fo l lowing  i s  a b r i e f  d i s c u s s i o n  of  each u n i t  of  t h e  

Wallops t r a n s m i t t e r  and how t h e  shipboard and Wallops des igns  d i f f e r ,  
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The 50,000 w a t t  Wallops t r a n s m i t t e r  was a c t u a l l y  cons t ruc t ed  i n  two s t e p s ,  

The i n i t i a l  des ign  of t h e  t r a n s m i t t e r  w a s  f i r s t  t e s t e d  and modified i n  a proto-  

type  t r a n s m i t t e r ,  Th i s  t r a n s m i t t e r  was cons t ruc t ed  a t  t h e  Un ive r s i t y  of I l l i n o i s  

i n  Urbana, I l l i n o i s  and used i n  a temporary i n s t a l l a t i o n  sou th  of Bondvi l le ,  

I l l i n o i s  i n  t h e  s p r i n g  of 1964 t o  test no t  on ly  t h e  t r a n s m i t t e r  des ign ,  bu t  

a l s o  t h e  e n t i r e  s y s t e m  performance, When s a t i s f a c t o r y  performance of t h e  

pro to type  t r a n s m i t t e r  w a s  achieved,  a second t r a n s m i t t e r  was cons t ruc t ed  t h a t  

incorpora ted  a l l  of t h e  improvements i n s t a l l e d  i n  t h e  pro to type  t r a n s m i t t e r .  

Th i s  second t r a n s m i t t e r  was t r a n s p o r t e d  t o  Wallops I s l and ,  Va. where it i s  

c u r r e n t l y  i n  use.  The Wallops t r a n s m i t t e r  was cons t ruc t ed  i n  a much more 

compact form than  t h e  sh ipboard  t r a n s m i t t e r  and i s  completely housed i n  one 

s ix- foo t  enclosed r e l a y  rack  cab ine t .  The i n d i v i d u a l  u n i t s  of t h e  Wallops 

t r a n s m i t t e r  w e r e  not  cons t ruc t ed  i n  s e p a r a t e  s h i e l d  enc losu re s  as  t hose  t h e  

shipboard t r a n s m i t t e r  were--the enclosed r e l a y  r ack  served as t h e  s h i e l d  

enc losure  f o r  t h e  t r a n s m i t t e r .  Considerable  problems were encountered a t  t h e  

Wallops i n s t a l l a t i o n  wit’h spu r ious  RF r e t r i g g e r i n g  of t h e  pu l se  gene ra t i ng  

c i r c u i t r y  and f o r  t h i s  reason  t h e  shipboard des ign  incorpora ted  i n d i v i d u a l  

s h i e l d i n g  of a l l  u n i t s  of t h e  t r a n s m i t t e r .  The o t h e r  d i f f e r e n c e s  between t h e  

shipboard and Wallops t r a n s m i t t e r s  are o u t l i n e d  below i n  a uni t- by- unit  de sc r ip-  

t i o n .  The b lock  diagram of t h e  e n t i r e  t r a n s m i t t e r  is found i n  Figure 4.14. 

Like t h e  shipboard t r a n s m i t t e r ,  t h e  f i n a l  a m p l i f i e r  of t h e  Wallops t r a n s-  

m i t t e r  u se s  two RCA 7214 t e t r o d e s  i n  a push-pull  class C power amplifier,, The 

p l a s t i c  box tube  socke t s  used i n  t h e  shipboard t r a n s m i t t e r  were designed and 

developed f o r  t h e  Wallops t r a n s m i t t e r ,  S ince  t h e  Wallops t r a n s m i t t e r  was designed 

f o r  f i x e d  frequency use on ly ,  t h e  p l a t e  t ank  c i r c u i t  i s  tuned wi th  f i x e d  high- 

vo l t age  mica c a p a c i t o r s  and no p rov i s ion  f o r  adjustment is provided, The output  
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l i n k  of t h e  f i n a l  p l a t e  t a n k  i s  designed t o  f eed  a balanced 250 ohm load  because 

of t h e  high-impedance f eed l ine ' ne twork  used a t  Wallops, 

t h e  f i n a l  a m p l i f i e r  u n i t  i s  not  cons t ruc t ed  i n  a s h i e l d  enc losure ,  In  o t h e r  

r e s p e c t s ,  t h e  f i n a l  a m p l i f i e r  a t  Wallops is  i d e n t i c a l  t o  t h a t  used on board t h e  

sh ip .  The schematic  diagram of t h e  Wallops f i n a l  a m p l i f i e r  is found i n  F igure  

4.15. 

A s  mentioned p rev ious ly ,  

The c i r c u i t r y  of t h e  d r i v e r  a m p l i f i e r  u n i t s  of t h e  two t r ansmi t t e r , s  

r e p r e s e n t s  one of t h e  major depa r tu re s  between t h e  two t r a n s m i t t e r  des igns .  

The Wallops t r a n s m i t t e r  u se s  two RCA 7094 t ubes  i n  push-pull  t o  d r i v e  t h e  f i n a l  

a m p l i f i e r  t ubes ,  Two 6AG7 t ubes  a r e  used i n  p a r a l l e l  t o  d r i v e  t h e  7094's. The 

pu l se  c i r c u i t s  i n  t h i s  u n i t  a r e  i d e n t i c a l  t o  t hose  used i n  t h e  exc i to r- pu l se r  

u n i t  of t h e  shipboard t r a n s m i t t e r .  The 7094 tubes  i n  push-pull  d e l i v e r  approxi-  

mately 2,000 w a t t s  of RF d r i v i n g  power du r ing  t h e  pu l se  t o  t h e  f i n a l  a m p l i f i e r  

tubes.  Th i s  l e v e l  of RF d r i v e  has  never  been q u i t e  adequate t o  f u l l y  d r i v e  t h e  

f i n a l  a m p l i f i e r  tubes  and t h e  7094's a r e  opera ted  somewhat over  t h e  manufac turer ' s  

recommended r a t i n g s .  The l i f e  of t h e  7094 t ube  has  t h e r e f o r e  been less than  

would normally be expected and t h e  r e l i a b i l i t y  of t h e  Wallops t r a n s m i t t e r  has 

no t  been as  g r e a t  as  t h a t  of t h e  shipboard t r a n s m i t t e r .  The schematic  diagram of 

t h e  d r i v e r  u n i t  i s  found i n  F igure  4.16. 

The low-voltage and high- voltage s u p p l i e s  of t h e  two t r ansmi t t e r s  a r e  very 

s i m i l a r  t o  each  o t h e r  i n  des ign  and cons t ruc t ion .  The major d i f f e r e n c e  between 

t h e  low-voltage power s u p p l i e s  i s  i n  t h e  u se  of s i l i c o n  r e c t i f i e r s  i n  t h e  sh ip-  

board t r a n s m i t t e r  i n  p l ace  of mercury-vapor and high-vacuum tube  r e c t i f i e r s .  

Add i t i ona l ly ,  t h e  e l e c t r o n i c  r e g u l a t o r  c i r c u i t  of t h e  shipboard +300 v o l t  supply 

has been modified from t h e  o r i g i n a l  c i r c u i t  used i n  t h e  Wallops t r a n s m i t t e r  t o  

achieve b e t t e r  r egu la t i on .  

J 
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The high- voltage s u p p l i e s  of t h e  two t r a n s m i t t e r s  are i d e n t i c a l  w i th  t h e  

except ion  of a minor change i n  t h e  crow-bar t r i g g e r i n g  c i r c u i t  of t h e  shipboard 

t r a n s m i t t e r  t o  prevent  a c c i d e n t a l  f i r i n g  of t h e  crow-bar under cond i t ions  of high 

ambient temperature and humidity. 

The schematic  diagram of t h e  low-voltage power supply  is found i n  Figure  

4.17 and t h a t  of t h e  high- voltage power supply  i n  Figure 4.18. 

The pulsed o s c i l l a t o r  u n i t  i n  qse a t  Wallops I s l and  i s  a f ixed- frequency 

v e r s i o n  of t h a t  used on t h e  sh ip .  The only  d i f f e r e n c e  i n  t h e  two o s c i l l a t o r  

u n i t s  i s  i n  t h e  l a c k  of tun ing  f a c i l i t i e s  i n  t h e  Wallops vers ion .  The schematic 

diagram is  t h e r e f o r e  not  reproduced s i n c e  t h e  diagram f o r  t h e  shipboard u n i t  i s  

c o r r e c t  f o r  t h e  Wallops u n i t  w i th  t h e  above except ions  i n  mind. 
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Because of  t he  l i m i t e d  space a v a i l a b l e  on t h e  s h i p  f o r  antenna system in-  

s t a l l a t i o n ,  the  same antenna system was used by both t h e  d i f f e r e n t i a l  absorp-  

t i o n  rocke t  experiment (Knoebel e t  a l . ,  1965) and t h e  p a r t i a l  r e f l e c t i o n /  

abso rp t ion  sounder desc r ibed  i n  t h i s  r e p o r t .  Both of  t he se  experiments  

were designed and opera ted  by the  personnel  of two Un ive r s i t y  of  I l l i n o i s  

r e sea rch  groups under t he  overall s c i e n t i f i c  d i r e c t i o n  of  D r .  S .  A .  Bowhill .  

I n i t i a l  s tudy  of  the  antenna des ign  f o r  shipboard use was t h e r e f o r e  per-  

formed f o r  both groups by D r .  K. G o  Balmain, who i s  the  au tho r  of t h e  f i r s t  

-- 

p o r t i o n  of  t h i s  c h a p t e r .  D r .  Balmain i n v e s t i g a t e d  e x t e n s i v e l y  t he  e f f e c t s  

o f  the  s h i p  and i ts  s u p e r s t r u c t u r e  on t h e  r a d i a t e d  p o l a r i z a t i o n  of  t h e  

antenna by means of s c a l e  model s t u d i e s  made i n  coopera t ion  wi th  t he  

Antenna Laboratory of  t h e  Un ive r s i t y  of  I l l i n o i s .  Also i n v e s t i g a t e d  by 

D r .  Balmain were alignment techniques f o r  adjustment  o f  t he  phase and 

ampli tude of s i g n a l s  f ed  t o  each d i p o l e  to a s su re  r a d i a t i o n  of  e i t h e r  mode 

o f  c i r c u l a r  p o l a r i z a t i o n .  S ince  D r ,  Balmain's work r e p r e s e n t s  a coopera- 

t i v e  e f f o r t  between both r e sea rch  groups (Coordinated Sc ience  Laboratory 

and the  Aeronomy Labora tory) ,  r e f e r ences  t o  t h e  s p e c i f i c  requirements  of  

bo th  experiments  a r e  inc luded .  U s e  of  t h e  shipboard antenna s y s t e m  was 

d iv ided  so t h a t  t he  rocke t  experiment used the  an tennas  f o r  t h e  f i r s t  h a l f  

of  t he  c r u i s e ,  du r ing  which t i m e  a l l  f i v e  r o c k e t s  w e r e  f i r e d ,  and t h e  iono- 

s p h e r i c  sounder used the  an tennas  f o r  t he  remainder of  t h e  c r u i s e .  The 

des ign  o f  t h e  antenna f e e d l i n e  system and matching networks used i n  t he  

rocke t  experiment a r e  included i n  a f i n a l  p r o j e c t  r e p o r t  by t h e  Coordinated 

Sc ience  Laboratory of t he  Un ive r s i t y  of I l l i n o i s  (Knoebel -- e t  a l . ,  1965). With the  
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except ion  o f  D r .  Balmain's d i s cus s ions  o f  p r ec ru i se  experiments  and s t u d y ,  

a l l  r e f e r ences  to  antenna system des ign  i n  t h i s  chap te r  apply  on ly  t o  t h e  

ionospher ic  sounder experiment .  

Radia t ion  of  a P re sc r ibed  P o l a r i z a t i o n  from a Large I r r e g u l a r  P la t form 

During the p a s t  two y e a r s ,  the Un ive r s i t y  of I l l i n o i s  has  been engaged 

i n  a program of  ionospher ic  measurements w i t h  emphasis on t he  r eg ion  between 

50 and 120 k i lome te r s  from the e a r t h ' s  s u r f a c e  ( the  D and E r eg ions ) .  Due 

t o  the presence o f  the e a r t h ' s  magnetic f i e l d  i n  t h e  ionosphere,  two charac-  

ter is t ic  e lec t romagnet ic  waves may ex i s t  there,  each wi th  i t s  own v e l o c i t y ,  

p o l a r i z a t i o n ,  and a t t e n u a t i o n  f a c t o r ;  these waves a r e  des igna ted  "ordinary" 

and " ext raord inary" .  The d i f f e r e n c e s  between the  two c h a r a c t e r i s t i c  waves 

a r e  u t i l i z e d  i n  o r d e r  t o  determine exper imenta l ly  some of  the  p r o p e r t i e s  of 

the  ionosphere 

The q u a n t i t i e s  which can be determined us ing  r a d i o  wave techniques  a r e  

the e l e c t r o n  d e n s i t y  N and the electron- molecule  c o l l i s i o n  frequency (above 

the  E r eg ion ,  c o l l i s i o n s  between e l e c t r o n s  and ions  a l s o  a r e  s i g n i f i c a n t ) .  

The q u a n t i t i e s  which can be measured d i r e c t l y  a r e  the  a t t e n u a t i o n  and phase 

s h i f t  of the  c h a r a c t e r i s t i c  waves from which N and v may be c a l c u l a t e d .  

S ince  t h e r e  a r e  two C h a r a c t e r i s t i c  waves, measurement of  the  d i f f e r e n c e  i n  

a t t e n u a t i o n  and t h e  d i f f e r e n c e  i n  phase s h i f t  is p o s s i b l e ,  l e ad ing  t o  improved 

accuracy i n  the de te rmina t ion  o f  N and v o  The d i f f e r e n c e  i n  a t t e n u a t i o n  is 

referred to  a s  " d i f f e r e n t i a l  absorp t ion"  and the  d i f f e r e n c e  i n  phase g i v e s  

r ise t o  a r o t a t i o n  of  t h e  p o l a r i z a t i o n  e l l i p s e  which is c a l l e d  "Faraday 

r o t a t i o n " .  The d i f f e r e n t i a l  abso rp t ion  and Faraday r o t a t i o n  may be measured 

i n  the ionosphere wi th  a rocket-mounted antenna r ece iv ing  s i g n a l s  t r ansmi t t ed  
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from the ground. A t t enua t ion  and phase- shi f t  measurements a l s o  may be 

c a r r i e d  o u t  on s i g n a l s  r e f l e c t e d  from the ionosphere.  The measurement of  

t h e  d i f f e r e n t i a l  ampli tude of  c h a r a c t e r i s t i c  waves r e f l e c t e d  from the  D 

reg ion  i s  r e f e r r e d  t o  a s  the  p a r t i a l  r e f l e c t i o n"  technique.  The measurement 

of  d i f f e r e n t i a l  phase of  r e f l e c t e d  s i g n a l s  is  p o s s i b l e  bu t  t he  techniques 

f o r  c a r r y i n g  o u t  t h i s  measurement a r e  a s  y e t  undeveloped. 

I t  

I n  o r d e r  t o  use the measurement techniques desc r ibed  above, i t  is 

necessary  t o  t r ansmi t  v e r t i c a l l y  and r ece ive  the  two c h a r a c t e r i s t i c  po l a r i za-  

t i o n s  which can be determined knowing the  s t r e n g t h  and d i r e c t i o n  of  the  

e a r t h ' s  magnetic f i e l d .  The t ransmiss ion  of  a s p e c i f i e d  p o l a r i z a t i o n  from 

an antenna ove r  a f l a t  e a r t h  i s  r e l a t i v e l y  easy  s i n c e  the  presence of  the 

e a r t h  has  no e f f e c t  on the  p o l a r i z a t i o n  of the  v e r t i c a l l y  r a d i a t e d  wave, 

However, the mobile rocke t  l auncher  program c a r r i e d  o u t  by NASA a s  a c o n t r i -  

but ion  t o  the  I n t e r n a t i o n a l  Quie t  Sun Years r equ i r ed  t h a t  an tennas  be mounted 

on t h e  a i r c r a f t  c a r r i e r  "Groatan" and used by Un ive r s i t y  of I l l i n o i s  s t a f f  

f o r  t he  d i f f e r e n t i a l  a b s o r p t i o n ,  Faraday r o t a t i o n  and p a r t i a l  r e f l e c t i o n  

experiments  The r a d i a t e d  p o l a r i z a t i o n s  c l e a r l y  would be a f f e c t e d  by the 

presence of  the a i r c r a f t  c a r r i e r ,  e s p e c i a l l y  s i n c e  the  dimensions o f  the 

s h i p  a r e  comparable t o  a wavelength ( t h e  dimensions a r e  roughly 1/4X x 1/4X x 

1 1/2X fcxr f r equenc i e s  i n  t h e  v i c i n i t y  of  3 m c ) .  

The purpose of t h i s  d i s c u s s i o n  is f i rs t  t o  show t h a t  t he  s h i p ' s  h u l l  and 

s u p e r s t r u c t u r e  have a s t r o n g  e f fec t  on t h e  r a d i a t e d  p o l a r i z a t i o n .  Th i s  is  

done by ca r ry ing  o u t  measurements on a 450:l s c a l e  model of the  a i r c r a f t  

c a r r i e r  and antenna system. The second o b j e c t i v e  is  t o  desc r ibe  va r ious  

techniques which can be employed i n  o r d e r  t o  set up the antenna system f o r  
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any p re sc r ibed  p o l a r i z a t i o n ,  The b a s i c  requirement is t h e  e f f i c i e n t ,  inde-  

pendent r a d i a t i o n  of  two d i f f e r e n t  p o l a r i z a t i o n s  wi th  a wide range o f  

r e l a t i v e  ampli tude and phase.  Th i s  requirement is s a t i s f i e d  by the crossed-  

d i p o l e  arrangement shown i n  Figure 5.1; c r o s s i n g  the  d i p o l e s  a t  a 90 angle  

minimizes mutual coupl ing  and o r i e n t i n g  the  d i p o l e s  a t  45 t o  the s h i p ' s  

a x i s  permi ts  each d i p o l e  t o  be a half-wavelength long (with any excess  

l eng th  bent  downward n e a r  the  mas t s ) ,  A t t enua to r s  and phase- sh i f t e r s  a r e  

0 

0 

i n s e r t e d  i n  t h e  f e e d l i n e s  next  t o  the t r a n s m i t t e r  ( o r  r e c e i v e r ) .  The so- 

c a l l e d  "YqP match i s  used t o  connect  t h e  f e e d l i n e s  to  the  d i p o l e s .  

Model S t u d i e s  

The f l i g h t  deck o f  the a i r c r a f t  c a r r i e r  "Croatan" i s  approximately 500' 

l ong ,  80' wide and 70' o f f  the water .  A s i m p l i f i e d  s c a l e  model wi th  a s c a l e  

f a c t o r  of 450 was cons t ruc t ed  and a f l a t  meta l  plane was used t o  r ep re sen t  

t h e  s u r f a c e  of  t h e  sea.  A r o t a t i n g  d i p o l e  antenna was mounted d i r e c t l y  

above t h e  model i n  o r d e r  t o  o b t a i n  vo l t age  p o l a r i z a t i o n  p a t t e r n s ,  examples 

of which a r e  shown i n  F igures  5 , 2  and 5 . 3 ,  The experimental  f r equenc i e s  

ranged from 1 , O  t o  1.5 GHz corresponding t o  a range from 2,2 t o  3 . 3  MHz on 

t h e  f u l l - s c a l e  a i r c r a f t  c a r r i e r ,  

The primary purpose was t o  f i n d  o u t  how much the  s h i p ' s  h u l l  and super-  

s t r u c t u r e  a f f e c t  t h e  p o l a r i z a t i o n  of a s t r a i g h t  d i p o l e  antenna hung horizon-  

t a l l y  70' above t h e  deck. For one p a r t i c u l a r  f requency t h e  p a t t e r n s  i n  

F igures5 .2  and 5.3 show t h a t  t h e  s h i p ' s  h u l l  has  a pronounced effect on the  

p o l a r i z a t i o n  and t h a t  t h e  a d d i t i o n  of  s u p e r s t r u c t u r e  t o  the model produces 

an e q u a l l y  s t r o n g  a d d i t i o n a l  e f f e c t .  Furthermore t h e  a d d i t i o n  of  t h e  super-  

s t r u c t u r e  d e s t r o y s  t h e  m i r r o r  symmetry between the p a t t e r n s  of  an tennas  1 

and 2. 

J 
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2 
DIPOLES 

BRIDGE-, c R A N E * ~  

DIPOLE I , f = IGc 

WITHOUT SUPERSTRUCTURE 
-- WITH SUPERSTRUCTURE 
---- THEORETICAL PATTERN 

OVER FLAT PLANE 

Figure 5 . 2  Polarization patterns for dipole no. 1 .  
1 
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2 
DIPOLES 

BRIDGE- c R A N E * ~  

DIPOLE 2, f = IGc 

WITHOUT SUPERSTRUCTURE 
-- WITH SUPERSTRUCTURE 
---- THEORETICAL PATTERN 

OVER FLAT PLANE 

Figure 5 . 3  Po lar i za t ion  patterns for d ipo le  no. 2 .  
1 
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When a number of p o l a r i z a t i o n  measurements is c a r r i e d  o u t ,  it i s  con- 

venient  t o  p l o t  t h e  p o l a r i z a t i o n s  a s  p o i n t s  on a s u r f a c e .  One such s u r f a c e  

is t h e  s u r f a c e  of t h e  Poincare '  sphere  (Ramsey - e t  -0 a 1  9 1951 and Papas, 1965);  

t h e  **poles" of t h e  sphere  correspond t o  r i g h t  and l e f t  c i r c u l a r  p o l a r i z a t i o n  

whi le  t h e  p o i n t s  of t h e  

of l i n e a r  p o l a r i z a t i o n ,  The p o i n t s  on t h e  curved s p h e r i c a l  s u r f a c e  may be 

mapped onto  t h e  f l a t  e q u a t o r i a l  p lane  by some p r o j e c t i o n ,  a very u s e f u l  one 

be ing  t h e  s t e r e o g r a p h i c  p r o j e c t i o n .  Th i s  p r o j e c t i o n  c o n s i s t s  of drawing a 

l i n e  from t h e  p a i n t  on t h e  sphere  t o  one of t h e  p o l e s ;  t h e  i n t e r s e c t i o n  of 

t h i s  l i n e  w i t h  t h e  e q u a t o r i a l  plane determines t h e  p ro jec ted  p o i n t ,  Thus 

p o i n t s  on one hemisphere (one sense  of p o l a r i z a t i o n )  f a l l  i n s i d e  t h e  equa to r  

whi le  p o i n t s  on t h e  o t h e r  hemisphere ( t h e  o t h e r  sense  of p o l a r i z a t i o n )  f a l l  

o u t s  ide  t h e  equator  ~ 

PI equator"  correspond t o  a l l  p o s s i b l e  o r i e n t a t i o n s  

A complete s e t  of p o l a r i z a t i o n  measurements is rep resen ted  i n  Figure  

5 .4  as s t e r e o g r a p h i c  p r o j e c t i o n s  on t h e  e q u a t o r i a l  p l ane ,  t h e  equator  be ing  

i n d i c a t e d  by t h e  l a r g e  c i r c l e ,  I n  t h e  experiments  t h e  sense  of p o l a r i z a t i o n  

was not measured and f o r  t h i s  reason a l l  t h e  p o l a r i z a t i o n s  have been p l o t t e d  

i n s i d e  t h e  equa to r ,  Without t h e  s u p e r s t r u c t u r e  it is  c l e a r  t h a t  t h e  h u l l  

very s t r o n g l y  in f luences  t h e  p o l a r i z a t i o n  and t h a t  t h e  p o l a r i z a t i o n  i s  

s t r o n g l y  dependent on frequency. A s  would be expected ,  t h e  p o l a r i z a t i o n s  

from t h e  two antennas e x h i b i t  n e a r l y  p e r f e c t  mirror- image symmetry, With 

t h e  s u p e r s t r u c t u r e  a t t ached ,  a s t r o n g  non-symmetrical in f luence  i s  ev iden t .  

From t h e  experiments  it is c l e a r  t h a t  t h e  antenna environment ( t h e  s h i p  

and i t s  s u p e r s t r u c t u r e )  e x e r t s  a c o n t r o l l i n g  i n f l u e n c e  on t h e  p o l a r i z a t i o n  

of t h e  v e r t i c a l l y  r a d i a t e d  wave. In  o rde r  f o r  s c a l e  model s t u d i e s  t o  provide 
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an accu ra t e  p r e d i c t i o n  of p o l a r i z a t i o n ,  i t  would be necessary  t o  c o n s t r u c t  

a very  p r e c i s e  scale model. Even i f  a s u f f i c i e n t l y  p r e c i s e  model could be 

cons t ruc t ed ,  d i f f i c u l t i e s  would a r i s e  due t o  las t- minute  changes i n  t h e  

arrangement of o b j e c t s  mounted on t h e  deck. Thus it i s  necessary  t o  be 

a b l e  t o  c a r r y  ou t  p o l a r i z a t i o n  measurements a t  sea s h o r t l y  be fo re  t h e  

antenna is t o  be  used f o r  ionospher ic  sounding, 

Shipboard p o l a r i z a t i o n  measurements 

He l i cop te r  o v e r f l i g h t  : 

The most d i r e c t  and accu ra t e  g e n e r a l  method of measurement is t h e  use  

of a sp inning  magnetic d i p o l e  suspended below a h e l i c o p t e r  hovering over 

t h e  c a r r i e r .  I t  is  convenient  t o  use a rocke t  payload f o r  t h i s  purpose s i n c e  

t h e  payload con ta in s  a l l  t h e  necessary  equipment (antenna, r e c e i v e r s ,  and 

t e l e m e t r y ) .  The a x i a l  r a t i o  and t h e  o r i e n t a t i o n  of t h e  p o l a r i z a t i o n  

e l l i p s e  can be  measured by caus ing  t h e  payload t o  r o t a t e ,  

p r a c t i c e ,  t h e  r o t a t i o n a l  speed is t o o  slow t o  permit measurements of t h e  

s enses  of p o l a r i z a t i o n .  

Deck-mounted sp inning  d i p o l e :  

However, i n  

A sp inn ing  magnetic d i p o l e  mounted on t h e  deck d i r e c t l y  beneath t h e  

c e n t e r  of t h e  antenna a r r a y  can  be  used t o  measure t h e  p o l a r i z a t i o n ,  The 

a x i a l  r a t i o  and o r i e n t a t i o n  of t h e  p o l a r i z a t i o n  e l l i p s e  can be  measured as 

i n  t h e  case of t h e  payload suspended from a h e l i c o p t e r .  In  a d d i t i o n ,  t h e  

r o t a t i o n a l  speed of t h e  sp inn ing  d i p o l e  can be made g r e a t  enough so t h a t  

sense  of p o l a r i z a t i o n  can be  measured. The method is  simply t o  measure 

a c c u r a t e l y  t h e  frequency of t h e  rece ived  s i g n a l ;  t h e  rece ived  s i g n a l  

f requency d i f f e r s  from t h e  t r a n s m i t t e d  frequency by t h e  frequency of r o t a t i o n  

and t h e  s i g n  of t h e  frequency d i f f e r e n c e  g ives  t h e  s ense  of t h e  p o l a r i z a t i o n ,  

d 
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Due t o  t h e  i r r e g u l a r  na tu re  of  t h e  antenna p la t form,  the f i e l d s  measured 

a t  any one p o i n t  on t h e  deck a r e  no t  r e p r e s e n t a t i v e  o f  t h e  f a r  f i e l d  and thus  

the  p o l a r i z a t i o n  measured by the deck-mounted sp inn ing  d i p o l e  i s  n e c e s s a r i l y  

i naccu ra t e .  I n  p r a c t i c e ,  however, i t  was found t h a t  t h e  deck measurement of 

p o l a r i z a t i o n  was s u r p r i s i n g l y  c l o s e  t o  the h e l i c o p t e r  measurement, provided 

t h a t  the  deck beneath t h e  antenna was c l e a r e d  o f  a l l  m e t a l l i c  o b j e c t s  and 

a l s o  provided t h a t  the f e e d l i n e s  were arranged symmetr ical ly .  Under these 

cond i t i ons  i t  proved p o s s i b l e  t o  c a l i b r a t e  t he  deck measurement i n  terms o f  

t h e  h e l i c o p t e r  measurement so t h a t  the  cont inued use of  the  h e l i c o p t e r  became 

unnecessary . 
Post- launch rocke t  measurement: 

Telemetry pickup from a rocke t  s h o r t l y  a f t e r  launch provides  a check on 

p o l a r i z a t i o n .  Between the  t i m e  of  launch and e n t r y  i n t o  t h e  ionosphere,  t h e  

rocke t  p rovides  an  e x c e l l e n t  sp inn ing  mount for the  magnetic d ipo l e  contained 

i n  t h e  payload. A s  i n  t h e  h e l i c o p t e r  measurements, the a x i a l  r a t i o  and 

o r i e n t a t i o n  of  the p o l a r i z a t i o n  e l l i p s e  a r e  ea sy  t o  measure. A s  wi th  t h e  

o t h e r  sp inning  d i p o l e  techniques ,  t h e  measurements a r e  e a s i e s t  when the  

p o l a r i z a t i o n  i s  nominally c i r c u l a r  ( f o r  h i g h- l a t i t u d e  ionospher ic  sounding).  

Measured post- launch a x i a l  r a t i o s  were always less than  1.5 f o r  nominal 

c i r c u l a r  p o l a r i z a t i o n .  

Ionospher ic  r e f l e c t i o n s :  

R e f l e c t i o n s  from t h e  ionosphere may be used t o  se t  p o l a r i z a t i o n  because,  

dur ing  t h e  day ,  t h e  e x t r a o r d i n a r y  wave i s  s t r o n g l y  absorbed i n t h e , , D  reg ion  whi le  

t h e  o rd ina ry  wave is r e f l e c t e d  from t h e  E and F reg ions .  Thus the  adjustment  

of  the  attenuator/phase-shifter (on e i the r  the t r a n s m i t t e r  or the r e c e i v e r )  
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f o r  minimum rece ived s i g n a l  corresponds t o  adjustment  f o r  e x t r a o r d i n a r y  

p o l a r i z a t i o n .  

Accurate adjustment  f o r  o r d i n a r y  p o l a r i z a t i o n  is  cons ide rab ly  more 

d i f f i c u l t .  I t  can be done w i t h  t h e  h e l p  of  an a u x i l i a r y  sp inn ing  d i p o l e  

measurement o r  by t h e  use  of s p e c i a l  procedure u t i l i z i n g  ionospher ic  

r e f l e c t i o n s .  One such r e f l e c t i o n  procedure has been used to  set  up t h e  

r e c e i v e r  a t t e n u a t o r  p h a s e- s h i f t e r  f o r  p a r t i a l  r e f l e c t i o n  measurements. If 

T and R s t and  f o r  the t r a n s m i t t e r  and r e c e i v e r  attenuator/phase-shifter and 

i f  "e" and "o" denote e x t r a o r d i n a r y  and o rd ina ry  t h e  procedure may be 

o u t l i n e d  a s  fo l lows:  

1: S e t  R by a d j u s t i n g  f o r  minimum rece ived  s i g n a l .  

2 .  Reta in  B and set T by a d j u s t i n g  f o r  maximum. 

3. Reta in  T and set, R by a d j u s t i n g  f o r  minimum, 

4 ,  Perform experiments  w i t h  T a r b i t r a r y .  

e 

e e 

e 0 

T h i s  procedure has  been c a r r i e d  ou t  s u c c e s s f u l l y .  However, s t e p  2 has  an 

a l t e r n a t i v e  which may be more p r e c i s e .  I t  may be expressed  a s  fo l lows:  

2. ( a l t )  With R a r b i t r a r y  set T by a d j u s t i n g  f o r  minimum. 

The suggested a l t e r n a t i v e  has  t h e  advantage of a minimum o r  "nu l l "  adjustment .  

e 

I n  p r a c t i c e ,  t h e  e q u a t o r i a l  and low- la t i tude  attenuator/phase-shifter 

adjus tments  proved very d i f f i c u l t  t o  make. T h i s  was expected s i n c e  t h e  

e q u a t o r i a l  abso rp t ion  of  the  e x t r a o r d i n a r y  wave i s  n o t  h igh  enough t o  permit  

p r e c i s e  n u l l i n g  procedures of  the  type o u t l i n e d  above. I n  a d d i t i o n ,  d i f f i -  

c u l t i e s  a r e  t o  be expected a t  i n t e rmed ia te  l a t i t u d e s  s i n c e  t h e  c h a r a c t e r i s t i c  

p o l a r i z a t i o n s  a r e  dependent on t h e  e l e c t r o n  d e n s i t y  f o r  propagation i n  d i r e c-  

t i o n s  n e i t h e r  p a r a l l e l  nor  pe rpend icu la r  to  the  magnetic f i e l d .  
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T h e o r e t i c a l  s tudy  

The p r a c t i c a l  d i f f i c u l t i e s  involved i n  s e t t i n g  t h e  antenna s y s t e m  f o r  

a given p o l a r i z a t i o n  ( e s p e c i a l l y  o r d i n a r y  p o l a r i z a t i o n )  gave cause f o r  a 

s tudy  of the  parameters involved.  Suppose t h a t  p denotes  complex p o l a r i z a t i o n  

r a t i o ,  x and y denote t h e  r e c t a n g u l a r  components of  e lec t r ic  f i e l d  s t r e n g t h  

and B denotes  t h e  attenuator/phase-shifter s e t t i n g .  Furthermore l e t  

s u b s c r i p t s  "1" and "2" denote  the  two crossed d i p o l e s  and "e" and lror' 

denote " extraordinary"  and "ordinary1 ' ,  These q u a n t i t i e s  a r e  r e l a t e d  by t h e  

fo l lowing equa t ions :  

P1 = Y /x x = x1 + BeX2 

P2 = Y /x Ye = Y1 + Bey2 

x = x1 + Box2 Pe = Y e h e  

Yo = Y1 + B0Y2 Po = Y0/Xo 

1 1  

2 2  

e 

0 

I f  t h e  x ' s  and y ' s  a r e  regarded a s  unknowns and i f  the  o t h e r  q u a n t i t i e s  a r e  

regarded a s  parameters ,  then  t h e  above c o n s t i t u t e  e i g h t  l i n e a r ,  homogeneous 

equa t ions  i n  e i g h t  unknowns. S e t t i n g  t h e  determinant  of the  c o e f f i c i e n t  

ma t r ix  equa l  t o  z e r o  g i v e s  t h e  fo l lowing equa t ion :  

EvideQtly  any one of the  parameters may be ob ta ined  i f  a l l  the  o t h e r s  a r e  

known. 

I n  g e n e r a l  p and p a r e  known, and p and p can  be measured. Thus i f  

can be determined from ionospher ic  r e f l e c t i o n s ,  then  B can be c a l c u l a t e d  

0 e 1 2 

'e 0 

us ing  the r e l a t i o n  
- - 

'1 '2 'e 
Bo = B - e P1 - Pe P2 Po 
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The u s e f u l n e s s  of t h e  above formula may be extended provided t h a t  an 

a u x i l i a r y  p o l a r i z a t i o n  p can be measured f o r  some a r b i t r a r y  a t t e n u a t o r /  

p h a s e- s h i f t e r  s e t t i n g  f3 Writ ing t h e  s u b s c r i p t  ' 'arr i n  p lace  o f  "or', w e  

have 

a 

a 

FOP the a u x i l i a r y  measurement it would be p o s s i b l e  t o  make f3 = 1 by a 

s e t t i n g  t h e  phase- sh i f t  and a t t e n u a t i o n  t o  ze ro .  Thus wi th  pe and p 
0 

and p make p o s s i b l e  t h e  computation of 1' p29 a known, measurement of  p 

P o l a r i z a t i o n  measurements a r e  u s u a l l y  made i n  terms of the sense ,  

o r i e n t a t i o n  and a x i a l  r a t i o  of the p o l a r i z a t i o n  e l l i p s e ,  A Smith c h a r t  

g r a p h i c a l  technique has  been devised (Bamsey e t  a l . ,  1951; Mayes, 1965) t o  

o b t a i n  the  p o l a r i z a t i o n  r a t e  p from these q u a n t i t i e s .  This  technique 

-- 

r e q u i r e s  t h e  d e f i n i t i o n  of t h e  q u a n t i t y  S: 

S = j p  f o r  the  r ight- hand sense  of p o l a r i z a t i o n  

S = - j p  f o r  t h e  l e f t- hand  sense  of p o l a r i z a t i o n  

I t  can be shown t h a t  S is  r e l a t e d  to  a n o t h e r  q u a n t i t y  I' through t h e  t r a n s f o r-  

mation 

The magnitude of r can be found from t h e  a x i a l  r a t i o ,  and the  argument of  F 

can be found from the o r i e n t a t i o n  of the  p o l a r i z a t i o n  e l l i p s e  a s  shown i n  

Figure 5 . 4 ,  Furthermore,  the  t r ans fo rmat ion  between S and is  i d e n t i c a l  t o  

t h e  t r ans fo rmat ion  between admit tance  and vo l t age  r e f l e c t i o n  c o e f f i c i e n t  i n  

t r ansmiss ion  l i n e  theory .  Thus t h e  Smith c h a r t  may be used t o  o b t a i n  S from 

r a s  shown i n  Figure  5.5. 
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I t  is  important  t o  no te  t h a t  t h e  above t h e o r e t i c a l  d i s cus s ion  i s  exac t  

( a t  l e a s t  w i t h i n  t h e  t e r m s  of r e f e r ence ) .  Thus t h e  theory  may be a p p l i e d  

wi th  confidence provided t h a t  t h e  p o l a r i z a t i o n  measurements and a t t e n u a t o r /  

phase- sh i f t e r  c a l i b r a t i o n  a r e  accu ra t e .  

Model s t u d i e s  show t h a t  t h e  a i r c r a f t  c a r r i e r ’ s  h u l l  and s u p e r s t r u c t u r e  

both have a s t r o n g  in f luence  on  t h e  p o l a r i z a t i o n  of a v e r t i c a l l y  r a d i a t e d  

wave, For f r equenc i e s  i n  t h e  megaherz range t h e  r a d i a t e d  p o l a r i z a t i o n  is 

markedly frequency-dependent.  For t h e s e  reasons,  sh ipboard  measurement of 

p o l a r i z a t i o n  i s  a n e c e s s i t y .  

Measurement of p o l a r i z a t i o n  is p o s s i b l e  u s ing  h e l i c o p t e r  o v e r f l i g h t s ,  a 

deck-mounted sp inning  d ipole ,  ionospher ic  r e f l e c t i o n s  o r  post- launch rocke t  

measurements. A s  f a r  a s  antenna system adjustment is  concerned, a l l  t h e  

above methods have s e r i o u s  drawbacks but  adequate  accuracy can be ob t a ined  

by employing two o r  more of t h e  experimental  methods. These methods have 

t h e  advantage of not  r e q u i r i n g  attenuator/phase-shifter c a l i b r a t i o n .  

With adequate  attenuatoriphase-shifter c a l i b r a t i o n  i t  is  p o s s i b l e  t o  

c a l c u l a t e  t h e  s e t t i n g s  necessary  t o  produce both ex t r ao rd ina ry  and o rd ina ry  

p o l a r i z a t i o n .  To do t h i s  i t  is necessary  t o  make t h r e e  p o l a r i z a t i o n  measure- 

ments. These a r e  t h e  t w o  p o l a r i z a t i o n s  r a d i a t e d  by t h e  d i p o l e s  e x c i t e d  

i n d i v i d u a l l y  p lu s  t h e  p o l a r i z a t i o n  r a d i a t e d  wi th  some a r b i t r a r y  (but  known) 

attenuator/phase-shifter s e t t i n g ,  

Antenna, Matching Network, and Phase- Shi f te r  Design 

Antenna: 

The antenna requirements  of  t h e  ionospher ic  sounder on board t h e  s h i p  

were: 
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1. The antenna system must be capable  of  v e r t i c a l l y  r a d i a t i n g  e i t h e r  
o rd ina ry  or e x t r a o r d i n a r y  modes of  c i r c u l a r  p o l a r i z a t i o n .  

2 ,  The antenna system must be capable  of  handl ing  peak pu l se  powers 
of  approximately 50 kw. 

3. The antenna system must be matched t o  a 50 ohm coax ia l  c ab l e  a t  
3030 MIz. 

4 .  Space l i m i t a t i o n s  imposed by the  s h i p  were maximum dimensions 
of  a r e c t a n g l e  110 f e e t  by 72 f e e t .  

5. To be compatible w i t h  the rocke t  experiment ,  t he  antenna system 
should be composed of two mutual ly  perpendicu la r  d i p o l e s  o f  a 
l eng th  of 100 f e e t ,  a t  a h e i g h t  of 60 f e e t  above the f l i g h t  deck 
of the  s h i p ,  and p r e f e r a b l y  f ed  wi th  72 ohm twin- lead balanced 
f e e d l i n e .  

Operat ion of  the  50,000 wat t  t r a n s m i t t e r  and antenna system i n  the  s a l t  

and s t a c k  gas  s a t u r a t e d  environment of the  s h i p  presen ted  a number o f  problems 

no t  p rev ious ly  encountered i n  land i n s t a l l a t i o n s .  Tes t i ng  confirmed the 

f a c t  t h a t  the  72 ohm twin- l ine ,  wh i l e  adequage f o r  the 1000 w a t t s  r a d i a t e d  

i n  the rocke t  experiment ,  would no t  wi ths tand  the h igh  vo l t ages  genera ted  

by the  50,000 wat t  t r a n s m i t t e r .  Simple replacement of t he  72 ohm l i n e s  

wi th  470 ohm open-wire t ransmiss ion  l i n e s  s t i l l  r e s u l t e d  i n  f e e d l i n e  break-  

down because of  the  h igh  s t and ing  wave r a t i o  on the l i n e s .  The f i n a l  so lu-  

t i o n  of  the  t ransmiss ion  l i n e  problem was found i n  t he  use of the "de l t a "  

or "Y-match" d i p o l e  feed system (ARRL, 1960). The d e l t a  matching system i s  

a combination o f  t ape red- l ine  and folded- dipole  impedance t ransforming tech-  

niques .  The dimensions of t h e  d e l t a  matching network have been e m p i r i c a l l y  

der ived  f o r  optimum match t o  a 600 ohm t ransmiss ion  l i n e .  However, the 

h e i g h t  of  the shipboard antennas was i n s u f f i c i e n t  t o  achieve t he  recommended 

dimensions of  t h e  d e l t a  match and the  dimensions were exper imenta l ly  ad jus t ed  

w i t h  the a s s i s t a n c e  of  an impedance br idge  so  t h a t  a r e s i s t i v e  impedance of 
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750 ohms was achieved a t  the f eedpo in t  on the deck o f  t h e  s h i p .  

d e l t a  matching network r equ i r ed  ex t ens ion  o f  the d i p o l e s  themselves t o  a 

half-wave resonant  l e n g t h  of approximately 157 f e e t  o v e r a l l .  This  was 

achieved by ex tending  the ends o f  t h e  antenna downward toward t h e  f l i g h t  

deck a t  each c o r n e r .  Reso lu t ion  of t h e  f e e d l i n e  breakdown problem allowed 

s t i l l  ano the r  antenna breakdown t o  occur .  With  the  f u l l  50,000 w a t t s  app l i ed  

t o  the  antenna s y s t e m ,  corona developed a t  the  ends of each antenna,  I t  

was found t h a t  the  heavy accumulation of s o o t  from t h e  s h i p ' s  s t a c k s  and t h e  

s a l t - s a t u r a t e d  a i r  gave rise t o  a much lower a i r  corona vo l t age  than has  

Use of  t h e  

been observed f o r  land i n s t a l l a t i o n .  Four inch  d iameter  ant i- corona r i n g s  

were fashioned for each i n s u l a t o r  and i n s t a l l e d .  These r i n g s  ended antenna 

breakdown problems, but  r equ i r ed  d a i l y  c l ean ing  t o  prevent  bu i ldup  of  s o o t  

and re- occurrence of corona,  Another problem a s s o c i a t e d  with the r a d i a t i o n  

of the very s t r o n g  RF f i e l d  was t h a t  corona formed on s e v e r a l  w i r e s  i n  the 

n e a r  v i c i n i t y  o f  t h e  an tennas  and r equ i r ed  use of  an t i- corona  p a i n t s  t o  

e l i m i n a t e  t h e  wide spectrum o f  r a d i o  i n t e r f e r e n c e  gene ra t ed .  The diagram of 

the  antenna s y s t e m  used f o r  i onosphe r i c  sounding measurements is shown i n  

Figure 5 .6 .  

Matching Network: 

The des ign  of the  antenna matching network a l s o  evolved from experimental  

work on board t h e  s h i p .  A s  s t a t e d  p r e v i o u s l y ,  t h e  o r i g i n a l  i n t e n t i o n  was t o  

use t h e  antenna wi th  the  72 ohm f e e d l i n e  t o  ach ieve  c o m p a t i b i l i t y  between the 

rocke t  experiment and t h e  sounder experiment ,  With t h i s  i n  mind, t h e  i n i t i a l  

matching work inco rpo ra t ed  an L-network f o r  impedance matching and a 4:l balun 

t o  t ransform the unbalanced 50 ohm coax t o  200 ohms balanced impedance. Using 
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a des ign  s i m i l a r  to  t h a t  used by Gooch (Knoebel e t  a l . ,  1965) f o r  t h e  rocke t  -- 
experiment,  a s e t  of ba lun  c o i l s  were cons t ruc ted .  

one f o o t  i n  d iameter  and were wound wi th  t h e  c e n t e r  conductor p l u s  t h e  poly- 

e the lyene  i n s u l a t i o n  of RG-8 c o a x i a l  c a b l e  i n  a b i f i l a r  co i l  t w o  f e e t  i n  

l e n g t h .  The dimensions of  t h e  polye the lyene  a r e  such t h a t  t h e  t w o  w i r e s  s i d e  

by s i d e  have a c h a r a c t e r i s t i c  impedance of approximately 110 ohms. Two of 

t h e s e  b i f i l a r  coi ls  w e r e  r e q u i r e d  f o r  each antenna-- four t o t a l  were cons t ruc ted .  

The baluns d i d  ach ieve  t h e  balanced to unbalanced t r ans fo rmat ion ,  but  i t  

was determined t h a t  they  a l s o  c o n t r i b u t e d  cons ide rab le  r e a c t a n c e  and w e r e  

very  suscep tab le  t o  o t h e r  r a d i a t e d  f i e l d s .  It was a l s o  determined t h a t  to  

match t h e  antenna f e e d l i n e s ,  a much g r e a t e r  range  of  impedance adjustment  

was d e s i r a b l e .  Experiments wi th  t h e s e  ba lun  c o i l s  were conducted dur ing  t h e  

shakedown c r u i s e  i n  November, 1964 and i t  was determined a t  t h i s  t i m e  t h a t  

These balun coils  were 

a r e d e s i g n  of  t h e  matching sys tem a s  w e l l  a s  t h e  antenna f e e d  system would 

be r e q u i r e d .  The schematic  diagram of t h e  ba lun  matching network is  shown 

i n  F igure  5.7. 

Impedance measurements made on  t h e  antennas  dur ing  t h e  c r u i s e  i n  November 

showed t h e  need f o r  a network capab le  of  matching balanced impedances rang- 

i n g  from 100 to 1500 ohms t o  t h e  50 ohm unbalanced c a b l e .  The matching 

network designed t o  ach ieve  t h i s  i s  based on  a tuned t ransformer  i d e n t i c a l  

t o  t h e  f i n a l  o u t p u t  t ank  of  t h e  t r a n s m i t t e r .  This  tuned tank t ransforms t h e  

unbalanced 50 ohm c o a x i a l  l i n e  to  500 ohms balanced.  A r o t a r y  induc to r  

a c r o s s  t h e  500 ohm t rans fo rmer  o u t p u t  i s  used a s  an  a d j u s t a b l e  au to t r ans fo rmer  

to  achieve  an impedance matching range  of  50 to 1250 ohms. A v a r i a b l e  capaci-  

t o r  i n  p a r a l l e l  w i th  a 10 pH co i l  provides  means of compensating e i t h e r  
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c a p a c i t i v e  or i n d u c t i v e  r eac tances  of t h e  antenna.  T h i s  c a p a c i t w  a l s o  

t u n e s  ou t  any leakage r e a c t a n c e  c o n t r i b u t e d  by t h e  auto t ransformer .  The 

schematic  diagram of t h i s  u n i t  i s  found i n  Figure  5.8. Adjustment of t h e  

matching network involves  r e s o n a t i n g  t h e  tuned t ransformer  t o  t h e  o p e r a t i n g  

frequency and a d j u s t i n g  t h e  auto t ransformer  and r e a c t a n c e  compensation to  

4 

achieve  a 50 ohm impedance a t  t h e  inpu t  wi th  thesantenna  connected. A l l  

t h r e e  c o n t r o l s  i n t e r a c t  and t h e  al ignment procedure r e q u i r e s  t h e  use  of 

an  impedance br idge .  The r e l a y  is  inc luded i n  one of t h e  two networks to  

provide t h e  antenna l i n e  r e v e r s a l  necessary  t o  change from one mode of 

c i r c u l a r  p o l a r i z a t i o n  to  t h e  o t h e r .  These matching networks were used 

throughout t h e  second p o r t i o n  of  t h e  s h i p  c r u i s e  and a r e  p r e s e n t l y  i n  use 

a t  t h e  Unive r s i ty  of I l l i n o i s  f i e l d  s t a t i o n  i n  an fonospher ic  sounder. 

Phase-Shif t  Network: 

I n  o r d e r  t o  gene ra te  c i r c u l a r  p o l a r i z a t i o n  wi th  t w o  mutual ly perpendicu- 

l a r  d i p o l e s  and no . o t h e r  r a d i a t i n g  elements  i n  t h e  near  f i e l d ,  it is  necessary  

to i n t p o d w e  a phase-shif.t: 'of 90 degrees i n  one of t h e  feedEine6 ( O f f u t t  - et  a l . ,  1961). 

'.The ues of 90-degree phase s h i f t  networks has given very good c i r c u l a r  polari:: 

However, 

4 
2 '  

. .  
. L  

I +"zat'ion a t a  t h e  Y+lJ0&3 , .  and Uaivd-s i ty  Qf . $ l l i m i o .  land' ins ta l l ' s t t ions ,  . 

. experiments ,  m n y  elsmnts capable  of  r e r a d i a t i o n  were within '  t h e  near  f i e l d  

of t h e  sb ipboard*an teana  systemb The madel s t u d i e s  d i scussed  e a r l i e r  proved 

,r . 

~ t h i s  po in t  and denronstrated the .  need f o r  a phase- sh i f t  network wi th  a wide 8 

range of adjustment  t o  compensate f o r  t he  d i s t o r t e d  p o l a r i z a t i o n  p a t t e r n  of 

t h e  antennas.  A phase- sh i f t  system f o r  t h e  t r a n s m i t t e r  was designed and 

. . 

+ ' *  

' t e s t e d  dur ing  t h e  ]November c ru i se  t h a t  was capable  of achieving  any p resc r ibed  
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phase s h i f t  between t h e  two f e e d l i n e s  over  t h e  range from z e r o  t o  360 degrees .  

The schematic  diagram of t h i s  system is shown i n  F igure  5.9. The b a s i c  phase 

s h i f t e r  e lements  are T-networks, designed f o r  500 ohms input  and output  

impedance, Phase s h i f t  is ad jus t ed  by changing both  i nduc t ive  arms and t h e  

c a p a c i t i v e  shunt  a r m ,  P r a c t i c a l  cons ide ra t i ons  d i c t a t e d  t h a t  t h e  minimum 

phase s h i f t  e a s i l y  achieved wi th  t h i s  form of network is 45 degrees .  There- 

f o r e ,  a f i x e d  45 degree network is  i n s e r t e d  i n  one of t h e  f e e d l i n e s  t o  t h e  

antenna. The v a r i a b l e  phase- shi f t  network i s  a d j u s t a b l e  between 45 and 135 

degrees  or, z e r o  t o  90 degrees  r e l a t i v e  t o  t h e  o t h e r  antenna te rmina l .  By 

s imply r e v e r s i n g  one of t h e  f e e d l i n e s ,  180 degrees  of phase s h i f t  i s  i n t r o -  

duced and t h e  range of 180 t o  270 degrees  r e l a t i v e  phase is  poss ib l e .  I n t e r-  

changing t h e  two antennas provides  f o r  t h e  180 t o  90 degree and 360 t o  270 

degree quadrants .  A s  can be seen  from Figure  5.9, s e p a r a t e  v a r i a b l e  phase- 

s h i f t e r s  f o r  t h e  o rd ina ry  and e x t r a o r d i n a r y  modes are provided t o  assure 

complete v e r s a t i l i t y  of adjustment.  The e n t i r e  phase- shi f t  system occupied 

one s i x  f o o t  rack and used 500 ohm open w i r e  f o r  i n t e r connec t ion  of t h e  

va r ious  u n i t s ,  Opera t ion  of t h e  phase- shi f t  system du r ing  t h e  November 

cruise demonstrated t h e  fo l lowing  shortcomings: 

The use of t h e  high-impedance open w i r e  l i n e s  between t h e  u n i t s  
of t h e  phase- shi f t  syetem r e s u l t e d  i n  r a d i a t i o n  of RF f i e l d s  of 
s u f f i c i e n t  s t r e n g t h  i n s i d e  t h e  equipment van t o  cause spu r ious  
t r i g g e r i n g  of t h e  t im ing  and c o n t r o l  system, 

The a d j u s t a b l e  phase- sh i f t e r s  r equ i r ed  t h r e e  s e p a r a t e  adjustments  
f o r  each change of phase and a l l  t h r e e  had t o  correspond t o  a 
p r e c a l c u l a t e d  c h a r t  of va lues  t o  assure t h a t  t h e  phase s h i f t  was 
achieved without  an impedance t ransformat ion ,  Alighment of t h e  
antennas r e q u i r e s  phase s h i f t  c o n t r o l s  t h a t  are e a s i l y  ad jus t ed  
over  a wide range w i t h i n  t h e  pe r iod  of one t o  two minutes-- 
completely imprac t i ca l  wi th  t h e  system as designed,  

? 
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3. The l a r g e  number of tuned c i r c u i t s ,  r e l a y s ,  and in t e rconnec t ing  
f e e d l i n e s  made i t  ve ry  d i f f i czu l t  to  a d j u s t  t h e  system so t h a t  
losses were low. An error of  576 i n  t h e  s e t t i n g  of any of  t h e  
p h a s e- s h i f t e r s  or tuned t r ans fo rmers  r e s u l t e d  i n  a loss of a t  
l e a s t  3 dB of r a d i a t e d  power. 

For t h e s e  reasons ,  it was dec ided  t h a t  t h e  t r a n s m i t t e r  would be connected 

t o  o n l y  one of  t h e  antennas  and e s s e n t i a l l y  l i n e a r  p o l a r i z a t i o n  would be 

r a d i a t e d .  The c i r c u l a r  p o l a r i z a t i o n  of t h e  antennas  would be achieved on ly  

i n  t h e  r e c e i v e  mode i n  which low power phase- sh i f t  systems could  be e a s i l y  

designed and opera ted .  The r e c e i v i n g  phase- sh i f t  s y s t e q  designed and used 

i n  t h e  l a t t e r  p o r t i o n  of t h e  c r u i s e  i s  shown i n  Figure  5.10. The phase- sh i f t  

element of  t h i s  system is  a General  Radio 314-586 v a r i a b l e  de lay  l i n e  used 

i n  a manner s i m i l a r  t o  t h a t  developed f o r  t h e  rocket experiment (Knoebel e t  a 1  

1965). T h i s  de lay  l i n e  provides  a phase s h i f t  adjustment  range  from zero 

-* 9 

to 540 degrees by r o t a t i o n  of one knob. Impedance matching of t h e  l i n e  

r e q u i r e s  t h a t  a loss of  3 dB pe r  l i n e  be i n s e r t e d ,  but  t h i s  l o s s  was not  

found t o  be enough t o  apprec iab ly  a f f e c t  t h e  performance of t h e  sys tem.  

Separa te  p h a s e- s h i f t e r s  a r e  provided for each mode of p o l a r i z a t i o n  a s  a r e  

s e p a r a t e  a t t e n u a t o r s .  Relays d r i v e n  by t h e  t iming and c o n t r o l  system d e t e r -  

mine3 which mode is rece ived .  The d isadvantage  of t h i s  system is  t h a t ,  i n  

a d d i t i o n  t o  t h e  3 dB of loss in t roduced  by t h e  phase- sh i f t e r s ,  t h e  wide- 

band impedance t r ans fo rmers  and t h e  mixing pad on  t h e  o u t p u t  c o n t r i b u t e  

losses on t h e  o r d e r  of 6 dB. 

Antenna System Adjustment Procedure:  

A s  s t a t e d  p rev ious ly ,  t h e  phase- sh i f t  system for t h e  t r a n s m i t t e r  proved 

to  be u n d e s i r a b l e  f o r  u s e  i n  a c t u a l  d a t a  r ecord ing  o p e r a t i o n s .  

t h e  al ignment of t h e  antennas,  t h e  t r a n s m i t t e r  phase- sh i f t  sys tem was used 

However, i n  
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with  t h e  d r i v e r  s t a g e  of  t h e  t r a n s m i t t e r .  The alignment of t h e  antenna sys-  

tem involved t h e  fo l lowing  s t e p s .  

1. 

2 .  

3. 

4. 

5. 

With t h e  t r a n s m i t t e r  connected to  one of t h e  antennas  and r a d i-  
a t i n g  an  e s s e n t i a l l y  l i n e a r  p o l a r i z e d  wave, t h e  r e c e i v e r  phase- 
s h i f t e r  was connected t o  t h e  antennas  through t h e  e l e c t r o n i c  
t r ansmi t- rece ive  swi tch  and a d j u s t e d  t o  r e c e i v e  on ly  t h e  e x t r a-  
o r d i n a r y  component of t h e  E- layer r e f l e c t e d  s i g n a l .  S ince  absorp-  
t i o n  of t h e  e x t r a o r d i n a r y  wave i s  much g r e a t e r  than  t h e  a b s o r p t i o n  
of t h e  o r d i n a r y  wave, t h i s  i s  a n u l l i n g  o p e r a t i o n  and can  be very  
a c c u r a t e l y  determined. 

With t h e  t r a n s m i t t e r  and antennas  s t i l l  r a d i a t i n g  a l i n e a r  wave, 
t h e  r e c e i v e r  phase s h i f t e r  was s h i f t e d  t o  t h e  o r d i n a r y  mode and 
a d j u s t e d  f o r  maximum r e c e i v e d  E- layer  r e f l e c t i o n .  T h i s  a d j u s t-  
ment i s  not  a s  p r e c i s e  a s  t h e  n u l l i n g  opera t ion ,  bu t  it is  p r i m a r i l y  
used t o  set up t h e  fo l lowing  s t e p .  

The d r i v e r  s t a g e  of t h e  t r a n s m i t t e r  was now connected through t h e  
t r a n s m i t t e r  phase- sh i f t  network to  t h e  antennas  and t h e  r e c e i v e r  
phase- sh i f t  network was set i n  t h e  o r d i n a r y  mode determined above..  
The t r a n s m i t t e r  phase s h i f t e r s  were now a d j u s t e d  f o r  minimum. 
r e c e i v e d  E- layer  r e f l e c t i o n ,  i n d i c a t i n g  minimum r a d i a t i o n  of t h e  
e x t r a o r d i n a r y  wave. 

With t h e  t r a n s m i t t e r  r a d i a t i n g  e x t r a o r d i n a r y  and t h e  r e c e i v e r  set 
up t o  r e c e i v e  o r d i n a r y  p o l a r i z a t i o n ,  t h e  r e c e i v e r  phase- sh i f t  
sys tem was r e a d j u s t e d  f o r  minimum r e f l e c t e d  s i g n a l ,  a s s u r i n g  t r u e  
adjus tment  of t h e  r e c e i v e r  sys tem f o r  both o r d i n a r y  and e x t r a-  
o r d i n a r y  p o l a r i z a t i o n s .  

The above procedure was r epea ted  s e v e r a l  t i m e s  t o  a s s u r e  a c c u r a t e  
adjus tments  of t h e  r e c e i v e d  p o l a r i z a t i o n s .  The accuracy of t h e  
p o l a r i z a t i o n s  v a r i e d  because of t h e  s h i f t i n g  of t h e  antennas  and 
f e e d l i n e s  wi th  s h i p  motion. The antennas  were a l i g n e d  t h r e e  t i m e s  
each day of o b s e r v a t i o q .  

Wallops Antenna Systems: 

The ionospher i c  sounding system i n  u s e  a t  Wallops I s l and ,  V i r g i n i a  

i n c o r p o r a t e s  s e p a r a t e  antenna sys tems  f o r  t r a n s m i t t i n g  and rece iv ing .  Both 

antenna a r r a y s  c o n s i s t  of  f o u r  half-wave cen te r- fed  d i p o l e s  i n  a square  box 

arrangement. The o p p o s i t e  p a r a l l e l  an tennas  a r e  f e d  i n  phase and t h e  t w o  
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sets of d i p o l e s  have s e p a r a t e  f e e d l i n e s  t o  t h e  o p e r a t i o n s  room where 90 

degree phase s h i f t e r s  a r e  used t o  achieve c i r c u l a r  p o l a r i z a t i o n .  The d i a-  

gram of the  t r a n s m i t t i n g  and r e c e i v i n g  a r r a y s  a t  Wallops I s l a n d  i s  shown 

i n  Figure 5.11. 

The o p e r a t i n g  frequency for t h e  i n s t a l l a t i o n  i s  3.030 MHz and t h e r e f o r e  

both  sets of antenna e lements  a r e  trimmed t o  a l e n g t h  of approximately 160 

f e e t .  The d i p o l e s  of  t h e  t r a n s m i t t i n g  a r r a y  use  the  " de l t a"  matching n e t-  

work desc r ibed  p rev ious ly  i n  the  d i s c u s s i o n  of t h e  shipboard antenna s y s t e m .  

The t r ansmiss ion  l i n e s  from the  t r a n s m i t t e r  t o  t r a n s m i t t i n g  antennas  a r e  

two 450 ohm open-wire f e e d l i n e s .  The 90 degree  phase s h i f t  and phase- reversa l  

switch necessa ry  t o  g e n e r a t e  e i the r  mode of c i r c u l a r  p o l a r i z a t i o n  a r e  very  

s i m i l a r  i n  des ign  t o  those  used on the s h i p  and a r e  diagrammed i n  Figure  5.12. 

The r e c e i v i n g  d i p o l e s  a r e  fo lded  d i p o l e s  f e d  w i t h  two equa l  l e n g t h s  of 

RG-62/U c o a x i a l  c a b l e ,  The c e n t e r  conductors of  the  c o a x i a l  c a b l e s  a r e  

connected t o  t h e  fo lded  l e g s  of t h e  d i p o l e  and t h e  s h i e l d s  of both c a b l e s  

a r e  t i e d  t o  the c e n t e r  of  t h e  upper element t o  provide  mechanical suppor t  of 

the  f e e d l i n e .  Heavy-duty 300 ohm twin- lead was used a s  t h e  f e e d l i n e  i n  t h e  

i n i t i a l  i n s t a l l a t i o n ,  bu t  proved no t  t o  have s u f f i c i e n t  mechanical s t r e n g t h  

t o  wi ths tand the  severe  weather a t  Wallops I s l a n d .  The c o a x i a l  c a b l e s  a r e  

cons ide rab ly  s t r o n g e r  and a c t u a l l y  provide  a b e t t e r  match t o  t h e  d i p o l e s ,  a s  

the feed' impedance i s  a c t u a l l y  200 ohms i n s t e a d  of t h e  p r e d i c t e d  300 ohms 

because of t h e  r e l a t i v e l y  low h e i g h t  of  the antennas  above the ground. Wide- 

band 100 ohm t o  50 ohm t rans fo rmers  a r e  used t o  match t h e  antenna f e e d l i n e s  

t o  t h e  RG-8/U c o a x i a l  c a b l e  r e c e i v e r  f e e d l i n e .  The phase- sh i f t ing  and 
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phase- reversing system f o r  r e c e i v i n g  is  ve ry  s i m i l a r  t o  t h a t  used f o r  t he  

t r a n s m i t t e r ,  but  uses a 180 degree phase- sh i f t  network te achieve  mode 

change i n s t e a d  o f  t ransmiss ion  l i n e  r e v e r s a l  a s  is  done i n  t he  t r a n s m i t t e r  

networks.  The schematic  diagram of t h e  r e c e i v e r  phase- shi f t ing  system i s  

shown i n  Figure 5.13. 

I n  t h e  o r i g i n a l  Wallops i n s t a l l a t i o n ,  t he  t r a n s m i t t e r  was a t  i t s  

p r e s e n t  l o c a t i o n ,  but  t h e  r e c e i v e r  was l oca t ed  some f i v e  m i l e s  away. The 

r ece iv ing  antenna system a t  t h a t  t i m e  was a system of 18 loops i n  a spaced 

a r r a y .  The diagram of  t h e  loop  antenna c o n s t r u c t i o n  i s  shown i n  Figure 

5 . 1 4 ,  and t h e  arrangement of  t h e  loop a r r a y  is  shown i n  Figure 5.15. 

Problems i n  synchroniz ing  the  r e c e i v i n g  and t r a n s m i t t i n g  i n s t a l l a t i o n s  and 

t h e  l ack  of  s u f f i c i e n t  antenna g a i n  prompted the  move of  t he  r ece iv ing  

i n s t a l l a t i o n  t o  t h e  t r a n s m i t t e r  s i t e  a t  t h e  no r th  end of Wallops I s l a n d  

wi th  t h e  t r a n s m i t t e r  where i t  i s  p re sen t ly .  Although t h e  v e r t i c a l  d i r e c t i v -  

i t y  of t he  loop s y s t e m  was cons ide rab ly  b e t t e r  than t h a t  of  t h e  fou r  d i p o l e  

box a r r a y ,  an i n c r e a s e  i n  rece ived  s i g n a l  s t r e n g t h  of approximately 30 dB 

was observed upon i n s t a l l a t i o n  01 L h e  box a r r a y .  This  has  been deteriwined 

t o  be due t o  , the  poor e f f i c i e n c y  of t h e  loop  antenna compare'd t o  t h a t  Qf a 

half-wave d i p o l e .  The improve t i n  s igna l- to- no i se  r a t i o  was cons idered  

t o  be of more va lue  than t h e  v e r t i c a l  d i r e c t i v i t y  ga ined  wi th  t h e  loop ' a r r a y  

i n  t h e  measurement of  p a r t i a l  r e f l e c t i o n s  and ionospher ic  abso rp t ion .  

Urbana, I l l i n o i s  Antenna Systems: 

Upon complet ion of  t h s  s h i p  c r u i s e ,  a l l  i n s t rumen ta t i on  was r e tu rned  t o  

t h e  Un ive r s i t y  of  I l l i n o i s  and set up f o r  measurement of  p a r t i a l  r e f l e c t i o n s ,  
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ionospher ic  absorp t ion ,  and ionospher ic  d r i f t s  a t  t h e  Aeronomy Laboratory 

F i e l d  S t a t i o n  no r theas t  o f  Urbana, I l l i n o i s .  The antenna system i n s t a l l e d  

f o r  use  a t  t h e  f i e l d  s t a t i o n  is i d e n t i c a l  i n  des ign  t o  t h a t  used a t  Wallops 

I s l a n d  and t h e  diagram need not  be r epea t ed  (see Figure  5.11). 

matching networks inc luded  i n  t h e  s h i p  experiment a r e  used i n  t h i s  system 

t o  match t h e  500 ohm antenna f e e d  impedance t o  t h e  50 ohm RG-l7/U c o a x i a l  

f e e d l i n e s .  The t r ansmi t- rece ive  switch used on board the  s h i p  i s  a l s o  

i nco rpo ra t ed  i n  t h i s  i n s t a l l a t i o n ,  e l i m i n a t i n g  t h e  need f o r  s e p a r a t e  t r a n s-  

m i t t i n g  and r e c e i v i n g  antenna systems. A new phase- shi f t  system has  been 

designed and i n s t a l l e d  a t  t h e  f i e l d  s t a t i o n  t h a t  a f f o r d s  cons ide rab l e  improve- 

ment over  any designed prev ious ly  and merits some d i s c u s s i o n  i n  t h i s  r e p o r t ,  

S ince  the t r a n s m i t t e r  ou tpu t  and t h e  antenna f e e d l i n e s  a r e  both 50 

ohms unbalanced, t h e  l o g i c a l  approach t o  phase- sh i f t e r  des ign  i s  t o  use 

c i r c u i t r y  w i th  50 ohms c h a r a c t e r i s t i c  impedance, The prev ious  phase- shi f t  

networks of  the  T-network des ign  a r e  e a s i l y  cons t ruc t ed  w i t h  s t anda rd  compon- 

e n t s  i f  t h e  system impedance is  250 ohms o r  g r e a t e r .  However, a T-network 

f o r  50 ohms r e q u i r e s  i m p r a c t i c a l l y  l a r g e  c a p a c i t o r s  and smal l  induckors.  The 

use  of a c o a x i a l  de l ay  l i n e  i s  a s t anda rd  means of ach iev ing  phase s h i f t ,  

bu t  does no t  provide any means of adjustment  of phase s h i f t  s h o r t  of swi tch ing  

va r ious  l e n g t h s  of t r ansmis s ion  l i n e ,  a l s o  imprac t i ca l  w i th  t h e  very l a r g e  

RG-l7/U cab le .  

t o  g ive  very  s a t i s f a c t o r y  performance. 

The 

However, a mod i f i ca t i on  of t h e  de lay  l i n e  technique has  proven 

To produce a phase- shi f t  of  e x a c t l y  90 degrees  a c o a x i a l  de l ay  l i n e  

should be one q u a r t e r  wavelength long, o r  approximately 53 1/2 f e e t  long a t  
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3030 kHz. EKperimental work wi th  RG-58/U i n  t h e  l abo ra to ry  proved t h a t  

approximately a 10 degree range of  adjustment  of phase- shi f t  is p o s s i b l e  

without  app rec i ab ly  i n c r e a s i n g  t h e  s t and ing  wave on  t h e  l i n e  i f  a sma l l  

v a r i a b l e  c a p a c i t o r  is p laced  a c r o s s  t h e  ou tpu t  end of  t h e  de l ay  l i n e .  The 

phase- shi f t  network i n  u se  a t  t h e  f i e l d  s t a t i o n  u se s  a f i f t y  f o o t  l eng th  

of RG-l7/U c o a x i a l  c a b l e  and a v a r i a b l e  c a p a c i t o r  s u f f i c i e n t  t o  a l low t h e  

phase s h i f t  t o  be v a r i e d  from 85 t o  95 degrees .  F i f t y  ohm a t t e n u a t o r s  i n  

series w i t h  both antenna f e e d l i n e s  a l low adjustment  of t h e  ampli tude of 

s i g n a l s  t o  each antenna p a i r .  Matching of t h e  50 ohm t r a n s m i t t e r  ou tpu t  

t o  t h e  two 50 ohm l i n e s  is accomplished i n  t h e  L-network duplexer  u n i t .  

Th i s  phase- shi f t  s y s t e m  i s  completely s h i e l d e d  and i s  used f o r  both t r a n s-  

m i t t i n g  and r e c e i v i n g  o p e r a t i o n s .  No problems have been encountered wi th  

spu r ious  r a d i a t i o n ,  exces s ive  l o s s ,  or i n  t h e  adjustment  of  t h e  antennas 

f o r  c i r c u l a r  p o l a r i z a t i o n .  The schematic  diagram of t h e  phase- shi f t  system 

i s  shown i n  F igure  5.16. 

Extens ive  system measurements a t  t h e  f i e l d  s t a t i o n  have i n d i c a t e d  t h a t  

i n s u f f i c i e n t  s y s t e m  g a i n  is a v a i l a b l e  t o  r e l i a b l y  observe  p a r t i a l  r e f l e c t i o n s  

from t h e  D- layer. Cost a n a l y s i s  has  i n d i c a t e d  t h a t  t h e  m o s t  economical a s  

w e l l  as t h e  most p r a c t i c a l  means of ach iev ing  t h i s  a d d i t i o n a l  g a i n  is by 

c o n s t r u c t i o n  of antenna systems capable  of g r e a t e r  v e r t i c a l  d i r e c t i v i t y .  S ince  

t h e  e l e c t r o n i c  t r ansmi t- rece ive  swi tch  does no t  r e t u r n  t h e  system t o  t h e  

r e c e i v e  mode s u f f i c i e n t l y  f a s t  f o r  p a r t i a l  r e f l e c t i o n  measurements, t w o  

antenna systems are t o  be cons t ruc t ed ,  one f o r  t r ansmis s ion  and one f o r  

r e c e p t i o n  as i n  t h e  Wallops i n s t a l l a t i o n .  Pre l iminary  planning i n d i c a t e s  
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t h a t  t he se  a r r a y s  a r e  t o  use 50 half-wavelength d i p o l e s  i n  a r e c t a n g u l a r  

c o l l i n e a r  a r r a y .  The a r r a y  c o n s i s t s  o f  f i v e  l i n e s  o f  f i v e  d i p o l e s  each ,  

wi th  one-half wavelength spac ing  between each l i n e .  A l l  twenty- five d i p o l e s  

a r e  f ed  i n  phase,  Another twenty- five d i p o l e s  a t  r i g h t  ang le s  t o  the above 

a r e  a l s o  f e d  i n  phase ,  bu t  s h i f t e d  w i t h  r e s p e c t  t o  the  f i r s t  s e t  by 90 

degrees  t o  achieve c i r c u l a r  p o l a r i z a t i o n .  I d e n t i c a l  a r r a y s  a r e  t o  be con- 

s t r u c t e d  f o r  r e c e i v i n g  and t r a n s m i t t i n g .  The c a l c u l a t e d  3 dB beamwidth o f  

these a r r a y s  is  15 deg rees ,  a cons ide rab l e  g a i n  over  t h e  f o u r  d i p o l e  box 

a r r a y .  The pre l iminary  drawing of  these antenna a r r a y s  is  shown i n  Figure 

5.17. Cons t ruc t ion  of t h e  high-gain antenna a r r a y s  is  s l a t e d  t o  begin 

dur ing  the summer of  1966 and they  should be o p e r a t i o n a l  by the  f a l l  of  

1966. 

E l e c t r o n i c  Transmit-Receive Switch: 

The i d e a l  antenna system f o r  use wi th  the v e r t i c a l  inc idence  abso rp t ion  

and p a r t i a l  r e f l e c t i o n  sound would employ two s e p a r a t e  a r r a y s  f o r  t r a n s-  

m i t t i n g  and r ece iv ing .  Th i s  i s  i n  f a c t  the ca se  a t  the  Wallops I s l a n d  and 

Urbana f i e l d  s t a t i o n  i n s t a l l a t i o n s .  However, a s  noted above, i n  the ca se  

of  t h e  shipboard i n s t a l l a t i o n ,  space was a v a i l a b l e  f o r  on ly  one a r r a y .  I t  

was t h e r e f o r e  necessary  t o  provide a means f o r  r a p i d l y  swi tch ing  t h e  antenna 

f e e d l i n e  from the t r a n s m i t t e r  t o  the  r e c e i v e r .  The requirements  of a usab le  

swi tch ing  system t o  perform t h i s  f u n c t i o n  a r e  a s  fo l l ows ;  

( a )  The maximum swi tch ing  t i m e  between t r a n s m i t  and r ece ive  modes 
should be less than 100 u s 9  t o  permit  t h e  r ecep t ion  of  low- 
a l t i t u d e  r e f l e c t i o n s .  

(b) The no i se  genera ted  by t h e  system i n  the  r ece ive  mode should 
no t  be g r e a t  enough t o  degrade the r ece iv ing  s y s t e m  no i se  
f i g u r e  . 
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The s i g n a l  leakage t o  t h e  r e c e i v e r  dur ing  t r a n s m i t t e r  p u l s e s  
should  be  less t h a n  2 v o l t s  r m s .  

The system should  not  have a n  i n s e r t i o n  loss of more t h a n  3 dB. 

The u n i t  should  be  broadband t o  e l i m i n a t e  t h e  need f o r  adjustment 
when changing frequency i n  t h e  2 to  5 MHz range.  

No a p p r e c i a b l e  r e a c t i v e  o r  r e s i s t i v e  l o a d  should be p resen ted  t o  
t h e  t r ansmiss ion  l i n e  dur ing  t r a n s m i t t e r  pu l ses .  

The o p e r a t i o n  of t h e  u n i t  should  be a s  close a s  p o s s i b l e  t o  100% 
r e l i a b l e ,  to prevent  r e c i v e r  damage t h a t  could  r e s u l t  from a 
f a i l u r e .  

A t  t h e  50 kW power l e v e l ,  convent ional  vacuum-tube TR swi tch  des igns ,  

such a s  t h o s e  found i n  communications systems, a re  unusable.  Severa l  a l t e r -  

n a t i v e  systems were considered.  One p o s s i b i l i t y  was t o  use  a quarter-wave 

l e n g t h  of t r ansmiss ion  l i n e ,  connected i n  p a r a l l e l  wi th  t h e  antenna f e e d l i n e  

a t  t h e  t r a n s m i t t e r ,  The o t h e r  end of t h i s  l i n e  would be connected t o  t h e  

r e c e i v e r  and s h o r t e d  a t  t h e  r e c e i v e r  end dur ing t r a n s m i t t e r  pu l ses  wi th  a 

h igh- current  diode swi tch.  The quarter-wave l i n e  would t h e n  a c t  a s  an imped- 

ance t ransformer ,  r e f l e c t i n g  a ve ry  high impedance a c r o s s  t h e  t r a n s m i t t e r  

o u t p u t .  T h i s  des ign  is  o f t e n  used i n  r a d a r  i n s t a l l a t i o n s ,  but  had s e r i o u s  

shortcomings f o r  u s e  wi th  the  ionospher ic  sounder.  The l e n g t h  of t h e  l i n e  

would have t o  be changed w i t h  each change i n  o p e r a t i n g  frequency,  and the  

diode and t h e  c u r r e n t  r e q u i r e d  t o  swi tch  it would have t o  be excess ive ly  

l a rge ,  s i n c e  the  RF c u r r e n t  a t  t h e  s h o r t e d  end of the  l i n e  would be  over  40 

amps. Also, t h e  phys ica l  s ize  of t h e  quarter-wave l i n e  would be a problem, 

s i n c e  i t  would have t o  be made of RG-l7U, t h e  same a s  t h e  antenna f e e d l i n e ,  

t o  wi ths tand  t h e  RF pu l se  v o l t a g e s  and c u r r e n t s .  

The most promising system, and t h e  one u l t i m a t e l y  adopted, employs a 

s i l i c o n  diode i n  series wi th  t h e  r e c e i v e r  f e e d l i n e ,  which is  connected i n  

d 
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p a r a l l e l  w i t h  t h e  antenna f e e d l i n e .  During t h e  t r a n s m i t t e d  p u l s e ,  the  diode 

i s  r e v e r s e  b iased  by a h igh- vol tage  power supply .  I n  the r e c e i v e  mode, t h e  

c o n t r o l  u n i t  s u p p l i e s  a c u r r e n t  of about 50 mA t o  swi tch  the diode i n t o  a 

conducting s t a t e .  F igure  5.18 shows t h e  c i r c u i t r y  employed i n  the f i n a l  

v e r s i o n  

The diode IM: supply  must be i s o l a t e d  from the  t r ansmiss ion  l i n e  with 

a c a p a c i t o r ,  and t h e  r e c e i v e r  s i g n a l  p a t h  must a l s o  be i s o l a t e d  from the 

DC supply.  The l a t t e r  f u n c t i o n  could  no t  be performed wi th  an RF choke, 

s i n c e  r i n g i n g  would occur  when t h e  De pulse  was a p p l i e d ,  so  a series of  

r e s i s t o r s  a r e  employed i n s t e a d .  The amount of RF feedthrough t o  t h e  

r e c e i v e r  dur ing  t r a n s m i t t e r  p u l s e s  i s  determined by the reac tance  of t h e  

d i o d e ,  which a c t s  a s  a smal l  c a p a c i t o r  when r e v e r s e  b iased .  T e s t s  were 

conducted i n  t h e  l a b o r a t o r y  us ing  a smal l  (800 p i v )  F8 s i l i c o n  diode.  

Impedance b r idge  measurements showed t h a t  t h e  capac i t ance  of a t y p i c a l  

d iode when r e v e r s e  b iased i s  smal l  enough t o  meet the maximum al lowable  

feedthrough requirement ,  a s  w e l l  a s  t o  prevent  any apprec iab le  loading of 

t h e  t r a n s m i t t e r  o u t p u t .  

A smal l  model of  t h e  TR switch was b u i l t  and connected i n  the  f e e d l i n e  

of a pu l se  r e c e i v e r  i n  o r d e r  t o  measure the no i se  genera ted  by t h e  d iode i n  

i t s  forward conduction s t a t e .  I t  was found t h a t  the  diode d i d  n o t  add 

measureably t o  t h e  n o i s e  f i g u r e  of t h e  r e c e i v i n g  system. The i n s e r t i o n  loss 

of t h e  d iode g a t e  s y s t e m  was a l s o  determined t o  be less than t h e  3 dB maxi- 

mum p e r m i s s i b l e ,  a l though t h e  loss was dependent upon t h e  diode forward b i a s  

c u r r e n t .  

A f u l l - s i z e  system was then  cons t ruc ted  us ing an  E A  CR212 s i l i c o n  diode 

s t a c k ,  wi th  a peak i n v e r s e  v o l t a g e  r a t i n g  o f  12 kV and a maximum forward 
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c u r r e n t  r a t i n g  of  300 @A. The c a p a c i t o r  used t o  i s o l a t e  t he  diode DC b i a s  

from t h e  f e e d l i n e  was made by p l ac ing  f i v e  0.0022 pF d i s c  ceramic c a p a c i t o r s  

i n  p a r a l l e l ,  connected wi th  b r a s s  bus s t r i p s ,  The r e s i s t a n c e  used t o  i s o l a t e  

t he  r e c e i v e r  s i g n a l  from t h e  power supply c o n s i s t e d  of  f o u r  2 .5  kilohm 10 W 

noninduct ive wirewound r e s i s t o r s  i n  series. A s p e c i a l  t o r o i d a l  t ransformer  

was wound t o  couple  t he  f e e d l i n e  s i g n a l  through t h e  diode i n t o  t he  receiver. 

This  t ransformer  was wound wi th  heavy magnet w i r e ,  s i n c e  t h e  diode forward 

b i a s  c u r r e n t  f lows through the  p r imarywind ing  i n  t he  r ece ive  mode. The 

number of t u r n s  was kept  smal l  t o  prevent  s a t u r a t i o n  o f ' t h e  co re  by t h e  

b i a s  c u r r e n t  flow. The e n t i r e  u n i t  was packaged i n  a sh i e lded  c a b i n e t .  

Connectors w e r e  providsd f o r  t h e  antenna f e e d l i n e  and t r a n s m i t t e r  ou tpu t  

c a b l e s ,  so  t h a t  t he  t ransmi t te r- to- antenna  feed  pa th  passes  through t h e  

TR swi tch  housing.  

The c o n t r o l  u n i t  designed t o  a c t u a t e  t h e  TR swi tch  i s  shown i n  Figure 

5.19.  The normal s t a t e  of  t h e  TR swi tch  is  the  "off" p o s i t i o n ;  i . e .  , with  

t h e  diode r eve r se  b i a sed .  Th i s  g i v e s  maximum p r o t e c t i o n  

a g a i n s t  spur ious 'RP p u l s e s .  I n  t h i s  c o n d i t i o n ,  t h e  3329 

i s  b iased  n e g a t i v e l y  so t h a t  t h e  tube does nb t  conduct .  

i s  no load  on t h e  5 kV supply and i ts  1.08 megohm series 

f o r  t h e  r e c e i v e r  

c o n t r o l  tube g r i d  

Consequently , tfiere 

r e s i s t o r ,  and t h e  

d iode  is  b iased  to  5 kV i n  t he  r e v e r s e  d i r e c t i o n .  

The command pu l se  t o  change t h e  TR swi t ch  over  to.+he r ece ive  mode i s  

supp l i ed  by t h e  t iming and c o n t r o l  system (see Chapter  6 )  and is ampl i f ied  

by t h e  6C4 and 2326 tubes .  T h e ' l a t t e r  a m p l i f i e r  d r ives . - t he  g r i d  of  t he  

3329 p o s i t i v e ,  caus ing ' I ;he  tube t o  conduct.  The 5 kV supply  is now presen ted  

wi th  a low impedance t o  ground, arid'-hence i t s  power i s  d i s s i p a t e d  I n  t h e  1.08 
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megohm series r e s i s t o r .  S ince  the low-voltage supply p o s i t i v e  te rmina l  i s  

grounded, c u r r e n t  flows through t h e  t o r o i d a l  t r ans fo rmer ,  the  swi tch ing  

diode and t h e  10 kilohm i s o l a t i n g  resistor t o  t h e  p l a t e s  of  t h e  3329 and 

through t h e  tube  t o  the supply nega t ive  te rmina l .  The 10 kilohm r e s ’ i s t o r  

a c t s  a s  the p l a t e  load r e s i s t o r  f o r  the  tube and l i m i t s  t h e  c u r r e n t  through 

t h e  diode t o  about  50 ma when t h e  3329 i s  s a t u r a t e d .  A t  the end of  t h e  

enable  p u l s e ,  t h e  tube  i s  once aga in  r e tu rned  t o  i t s  nonconducting s t a t e  and 

t h e  5 kV supply r eve r se  b i a s e s  t h e  diode.  A manually-operated switch has  

been provided t o  a l low the o p e r a t o r  t o  ho ld  t h e  TR swi tch  i n  the  r ece ive  

mode, a s  is  necessary  when making ad jus tments  t o  t h e  r e c e i v i n g  s y s t e m .  

The maximum vo l t age  t o  be expected on t h e  t r ansmis s ion  l i n e  du r ing  

an RF pulse  i s  about 2300 v o l t s  peak. The 5 kV supply i s  equipped wi th  a 

v a r i a b l e  au to t r ans fo rmer . so  t h a t  t he  r eve r se  b i a s  may be ad jus t ed  t o  exceed 

the maximum RE l i n e  v o l t a g e .  However, t h e  recovery t i m e  of  t h e  TR swi tch  

is  determined by the  RC t i m e  c o n s t a n t  of  the 5 kV supply i n t e r n a l  and series 

r e s i s t a n c e ,  and t h e  d i o  wi tch  capac i t ance  ( con t r ibu t ed  mostly by t h e  .Qll 

?B blocking c a p a c i t o r ) ,  so 

l e v e l  between c e r t a i n t y  of 

a l lowable  recovery t i m e .  

Th i s  TR swi tch  system 

a compromise must be made i n  a d j u s t i n g  t h e  supp1,y 

p r o t e c t i o n  a g a i n s t  R F  t r a n s i e n t s  and maximum 

has  func t ioned  w e l l  and m e t  a l l  of t h e  r e q u i r e-  

ments both i n  t h e  shipboard experiment and a t  t h e  Urbana f i e l d  s t a t i o n .  A 

d u p l i c a t e  u n i t  ha s  been cons t ruc t ed  f o r  u se  w i t h  a p u l s e  compression sounder 

a t  t he  Aeronomy Laboratory.  
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6 TIMING AND CONTROL SYSTEM DESIGN 

The t iming and c o n t r o l  s y s t e m  is designed t o  synchronize and c o n t r o l  

t h e  o p e r a t i o n  of  t he  va r ious  component u n i t s  of  t h e  v e r t i c a l  inc idence  

sounding system. The func t ions  r equ i r ed  of t h e  system a r e :  

( a )  t o  provide p u l s e s  t o  t r i g g e r  t h e  t r a n s m i t t e r ,  o s c i l l o s c o p e ,  

and a s s o c i a t e d  equipment a t  pu l se  r e p e t i t i o n  r a t e s  of 5 ,  1/2, 

and 1/10 pu l se s  pe r  second. I n  a d d i t i o n ,  t he  u n i t  must be 

capable  of  providing a second trigger pu l se  125 mi l l i s econds  

a f t e r  t h e  i n i t i a l  pu l se  of each c y c l e ,  so t h a t  o rd ina ry  and 

e x t r a o r d i n a r y  propagat ion modes may be t r ansmi t t ed  i n  qu ick  

succes s ion .  

(b)  t o  provide r e l a y  c o n t a c t s  f o r  a c t u a t i o n  of  t he  camera s h u t t e r  

and f i l m  advance mechanism. The o p e r a t i o n  of t he  r e l a y  must 

be timed t o  open the  s h u t t e r  p r i o r  to  t h e  f i r s t  t r ansmi t t ed  

pu l se  of each c y c l e  and t o  c l o s e  i t  a f t e r  t he  l a s t  of t h e  

d e s i r e d  ionospher ic  r e f l e c t i o n s  has  been recorded.  The 

t o t a l  shut ter- open t i m e  should be reasonably  c o n s i s t e n t  i n  

d u r a t i o n  t o  ensu re  proper  o s c i l l o s c o p e  g r a t i c u l e  exposure.  

( c )  t o  provide r e l a y  c o n t a c t s  f o r  a c t u a t i o n  of  t h e  swi tch ing  

systems used t o  change antenna p o l a r i z a t i o n  from t h e  o rd ina ry  

t o  t he  e x t r a o r d i n a r y  mode and t o  r eve r se  t h e  p o l a r i t y  of  t he  

r e c e i v e r  o u t p u t ,  This  r e l a y  is  t o  o p e r a t e  on ly  when t h e  

second ou tpu t  t r i g g e r  pu l se  i s  employed a s  o u t l i n e d  i n  ( a ) .  

I t  must a c t u a t e  75 mi l l i s econds  a f t e r  t he  f i r s t  of  t h e  two 

p u l s e s  i n  each  c y c l e  and r e l e a s e  50 mi l l i s econds  a f t e r  t h e  
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second pu l se .  Its per iod  of ope ra t iQn  i s  thus  t o  bracke t  

t h e  occurrence of t h e  second p u l s e .  

(d)  t o  provide a t r i g g e r  pu l se  f o r  a c t u a t i o n  o f  t h e  t ransmi t -  

r ece ive  g a t e  s y s t e m  employed when a s i n g l e  antenna is used 

f o r  bo th  t r a n s m i t t i n g  and r e c e i v i n g ,  The l ead ing  edge of 

t h i s  pu l se  must occur  200 ps a f t e r  the i n i t i a t i o n  of the  

t r a n s m i t t e r  t r i g g e r  p u l s e ,  and the  d u r a t i o n  of  t h e  e n t i r e  

p u l s e  must be 10 mi l l i s econds .  

Fu r the r  requirements  of  the  system a r e  t h a t :  

( e )  a l l  o p e r a t i o n s  of t h e  s y s t e m  must be synchronized w i t h  t h e  . 
60 Hz power l i n e  f requency ,  and must be phase- adjustable  

with r e f e r ence  t o  the  l i n e ,  so t h a t  r e c u r r e n t  l ine- synchronized 

i n t e r f e r e n c e  may be evaded 

( f )  t he  system must be enc losed  i n  a wel l- sh ie lded  housing t o  

prevent  s t r a y  RF from r e t r i g g e r i n g  the  t iming c i r c u i t s .  For  

t h e  same r ea son ,  a l l  ou tpu t s  must be low impedance and s h i e l d e d ,  

(g) a l l  ou tpu t  pu l se s  must have a minimum peak amplitude o f  20 V 

t o  ensu re  proper  t r i g g e r i n g  of t he  a s s o c i a t e d  u n i t s .  

Seve ra l  t iming and c o n t r o l  systems w e r e  designed p r i o r  to the  develop- 

ment of  the system t o  be desc r ibed  here. The two e a r l i e s t  models,  

employing vacuum tubes ,  w e r e  never  e n t i r e l y  s u c c e s s f u l .  A s  the  number 

of func t ions  r equ i r ed  of t h e  u n i t s  was i n c r e a s e d ,  t h e  power supply 

requirements  and phys ica l  size of  t he  u n i t s  r a p i d l y  became exces s ive ,  

The c i r c u i t r y  o f  t he se  u n i t s ,  which were e l e c t r o n i c a l l y  i d e n t i c a l ,  is  shown 

i n  Figures  6 .1  and 6 .2 .  The use o f  t r a n s i s t o r i z e d  c i r c u i t r y  provided the  
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obvious remedy for t h e s e  problems and l e d  t o  t h e  development of t h e  system 

shown i n  F igures  6 .3  and 6 .4  p r e s e n t l y  i n  use  wi th  t h e  Wallops I s l a n d  

i n s t a l l a t i o n .  This  e a r l y  system employed about 30 t r a n s i s t o r s  i n  conven- 

t i o n a l  t iming  and swi t ch ing  c i r c u i t s ;  i t  was cons t ruc t ed  on  l t l 6 - i n c h  

epoxy- f iberg lass  board mounted t o  a s t anda rd  c h a s s i s  and r e l a y  r a c k  

panel .  No RF s h i e l d i n g  was provided f o r  t h i s  u n i t ,  and some minor re- 

t r i g g e r i n g  problems were encountered.  Timing f u n c t i o n s  of t h e  system 

were c o n t r o l l e d  by a f ree- running master  or ''clock" mul t i v ib ra to r ,  t h e  

f requency of which w a s  determined by means of RF t i m e  cons t an t s .  These 

c o n s t a n t s  were switch s e l e c t e d  f o r  f o u r  d i f f e r e n t  pu l se  r e p e t i t i o n  r a t e s  

from 1/2 t o  5 pps. No e f f o r t  w a s  made to  provide temperature  compensa- 

t i o n  of  t h e  master  m u l t i v i b r a t o r ,  a l though t h e  power supply vo l t age  was 

a c c u r a t e l y  c o n t r o l l e d  by means of an  e l e c t r o n i c  r e g u l a t o r .  

I n  a l l  of  t h e  above t iming and c o n t r o l  s y s t e m  designs,  c i r c u i t r y  

was inc luded  t o  provide a c c u r a t e l y  spaced marks on t h e  o s c i l l o s c o p e  t r a c e .  

The purpoae of these marks was t o  provide a v i r t u a l  r e f l e c t i o n  he igh t  

r e f e r e n c e  t o  be used i n  s c a l i n g  t h e  f i lmed  d a t a .  Th i s  f e a t u r e  has  no t  

been inc luded  i n  t h e  most r e c e n t  modular s y s t e m  design,  bu t  space is  

a v a i l a b l e  i n  t h e  modules f o r  t h e  a d d i t i o n  of such c i r c u i t s  when and i f  

r 

t h e  need a r i s e s .  

Th i s  f i r s t  t r a n s i s t o r i z e d  system des ign  was r e l a t i v e l y  s u c c e s s f u l  

and was subsequent ly  d u p l i c a t e d  i n  a s h i e l d e d  v e r s i o n  and, wi th  t h e  addi-  

t i o n  of  TR g a t e  c o n t r o l  c i r c u i t r y ,  i n  t h e  model used wi th  t h e  shipboard 

sounder, a s  shown i n  F igures  6 .5  and 6.6.  However, c e r t a i n  a d d i t i o n a l  

requirements  a rose ,  and t h e  fo l lowing  f a c t o r s  l e d  to  t h e  development 

of t h e  t iming and c o n t r o l  system t o  be  desc r ibed  i n  d e t a i l  here: 
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1. The need for  good s h i e l d i n g  c o n s i s t e n t  w i th  ease of mechanical 
disassembly f o r  maintenance purposes ,  

2. A requirement  f o r  g r e a t e r  f l e x i b i l i t y  of ope ra t i on ,  e s p e c i a l l y  
w i t h  r e s p e c t  t o  t iming  d u r a t i o n  and sequence, and f o r  e a s e  i n  
i nco rpo ra t i ng  new c i r c u i t r y  a s  t h e  demand f o r  a d d i t i o n a l  
f u n c t i o n s  becomes apparent  

3. The n e c e s s i t y  f o r  reduc ing  time i n  s e r v i c i n g  ope ra t i ons .  

4. A d e s i r e  t o  synchronize t h e  e n t i r e  system wi th  t h e  power l i n e  
t o  g a i n  t iming  accuracy and a phase adjustment  c a p a b i l i t y  
necessary  t o  escape l ine- synchronized no i se  pu l se s .  

5. A d e f i n i t e  need f o r  a wider range  of pu l se  r e p e t i t i o n  r a t e s  
t o  encompass a l l  f o r e s e e a b l e  a p p l i c a t i o n s  of t h e  sounder, from 
t e s t i n g  of the  t r a n s m i t t e r  t o  t h e  t ak ing  of long- term absorp- 
t i o n  r eco rds .  

6. A f o r e s e e a b l e  f u t u r e  need f o r  a l l - e l e c t r o n i c  swi tch ing  of 
system func t ions ,  to  al low t h e  o p e r a t i o n  of  t h e  e n t i r e  sounder 
t o  be advance programmed 

I n  the  t iming  and c o n t r o l  s y s t e m  t h a t  was designed wi th  t h e  above 

f a c t o r s  i n  mind, a l l  t r a n s i s t o r i z e d  c i r c u i t r y  is cons t ruc t ed  on plug- in 

c a r d s ,  By r e l e g a t i n g  t h e  va r ious  c i r c u i t  f u n c t i o n s  t o  s p e a r a t e  cards ,  

most of t h e  system parameters  may be changed by modifying or r e b u i l d i n g  

one or more of t h e  ca rds ,  or by adding new ca rds .  I n  t h e  previous system 

arrangement, c i r c u i t  f u n c t i o n  changes r e q u i r e d  d i f f i c u l t  and time-consuming 

mod i f i ca t i ons  of  an e n t i r e  c h a s s i s .  S e r v i c i n g  is a l s o  s i m p l i f i e d  with 

t h e  c a r d  system. D i f f i c u l t i e s  may qu ick ly  be t r a c e d  t o  an i n d i v i d u a l  

card ,  which then  may e i ther  be r e p a i r e d  i n  t h e  f i e l d  or r ep l aced  wi th  a 

d u p l i c a t e  whi le  t h e  o r i g i n a l  i s  s e n t  back t o  t h e  l a b o r a t o r y  f o r  s e r v i c e .  

Sh i e ld ing  requirements  w e r e  m e t  i n  the  new p u l s e r  by mounting t h e  

c a r d s  and in t e r connec t ing  w i r i n g  i n  Tekt ronix  plug- in modules, which i n  

t u r n  plug i n t o  a Tekt ronix  module s t o r a g e  manifold.  Th i s  s y s t e m  has  a l s o  

been s u c c e s s f u l l y  used i n  t h e  r e c e i v e r  desc r ibed  i n  Chapter 3. Prov i s ions  
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a r e  made f o r  mounting seven c a r d s  i n  each of  two modules. S ince  the  

p re sen t  system employs o n l y  e l even  pu l se  c i r c u i t  c a r d s ,  space remains 

f o r  t he  a d d i t i o n  of  three e x t r a  c a r d s  when needed. The t h i r d  module 

is  used t o  house t he  power supply  components, i nc lud ing  t w o  e l e c t r o n i c  

vo l t age  r e g u l a t o r  c i r c u i t  c a r d s .  These c a r d s  ho ld  a l l  o f  the  r e g u l a t o r  

c i r c u i t r y  excep t  the series r e g u l a t o r  t r a n s i s t o r s  themselves ,  which 

a r e  mounted on the  module c h a s s i s  f o r  b e t t e r  h e a t  d i s s i p a t i o n .  The 

c o n t r o l s  f o r  t h e  c i r c u i t r y  i n  each  module a r e  mounted on the  f r o n t  

panel  of  t h a t  p a r t i c u l a r  u n i t .  The modules themselves a r e  no t  s h i e l d e d ,  

bu t  a r e  i n s e r t e d  i n t o  t he  mani fo ld ,  which i s  modified f o r  complete 

s h i e l d i n g  by t h e  a d d i t i o n  o f  mesh end p l a t e s ,  a sh i e lded  cab l e  race-  

way, and a s h i e l d e d  ou tpu t  connector  box. The modules a r e  a l l  keyed 

so t h a t  they cannot  be a c c i d e n t a l l y  interchanged wi th  r e c e i v e r  or 

o s c i l l o s c o p e  modules, which a r e ,  of  c o u r s e ,  very s i m i l a r  i n  appearance.  

The b a s i c  c i r c u i t  t iming r e f e r ence  i n  t h i s  s y s t e m  is  the  60 Hz 

power l i n e ,  r a t h e r  than a f ree- running "clock" m u l t i v i b r a t o r .  C i r c u i t  

c a rds  1-3 con ta in  count ing  c i r c u i t s  t h a t  d i v i d e  t h e  l i n e  frequency by 

var ious  f a c t o r s .  Card 1, shown i n  Eligure 6 . 7 ,  i s  a s c a l e r  t h a t  d i v i d e s  

by 1 2  t o  g i v e  a 5 pps ou tpu t .  Card 2 (Figure 6 . 7 )  d i v i d e s  t he  ou tpu t  

of  ca rd  1 by a f a c t o r  of  10  t o  g i v e  one pu l se  pe r  two seconds,  and card  

3 (Figure 6 . 8 )  d i v i d e s  ca rd  2 ou tpu t  by f i v e  t o  g i v e  one pu l se  p e r  t e n  

seconds.  Each c a r d ,  i n  a d d i t i o n  t o  the  b ina ry  m u l t i v i b r a t o r  count ing  

c i r c u i t s ,  ho lds  a Schmi t t  t r i g g e r  t o  square  t he  i n p u t  waveforms, a 10  vs 

monostable m u l t i v i b r a t o r  t r i g g e r e d  by the  ou tpu t  p u l s e s ,  and an emitter-  

fo l lower  t o  g i v e  a low impedance ou tpu t .  The monostable m u l t i v i b r a t o r  is  

J 
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included so t h a t  each c a r d  w i l l  have a pu l se  output  of a s t andard  width s u i t -  

ab le  f o r  p o s i t i v e  t r i g g e r i n g  of fo l lowing c i r c u i t s .  

The 60 Hz source  f o r  t h e  coun te r  ca rds  i s  provided by a small l i n e  t r a n s-  

former mounted i n  t h e  power supply  module. It s u p p l i e s  a 10 VAC s i g n a l  t o  

ca rd  11 (Figure 6.9), which c o n t a i n s  a Schmit t  t r i g g e r ,  an a d j u s t a b l e  de lay  

m u l t i v i b r a t o r ,  and an output  ampl i f i e r .  The m u l t i v i b r a t o r  has a pulse  width 

v a r i a b l e  over  a 1-10 m s  range,  the reby  al lowing t h e  output  t r i g g e r  pu l ses  t o  

be delayed through a range corresponding t o  180 on t h e  60 Hz s i n e  wave. 

This  de lay ,  and hence t h e  pu l se  output  phase, i s  c o n t r o l l e d  b y  a f ront- panel  

potent iometer ,  The o p e r a t o r  of t h e  sys tem a d j u s t s  t h i s  c o n t r o l  t o  s h i f t  t h e  

pu l se  output  phase whenever necessary  t o  avoid l ine- synchronized i n t e r f e r -  

ence 

0 

Cards I, 2 and 3 t h u s  provide  o u t p u t s ,  r e s p e c t i v e l y ,  a t  5 pps, 

used p r imar i ly  when a d j u s t i n g  t h e  t r a n s m i t t e r  or i n  making v i s u a l  

obse rva t ions  of ionospher ic  r e f l e c t i o n s ,  a t  1/2 pps, used for making 

f i lmed records  of p a r t i a l  r e f l e c t i o n  echoes,  and a t  1/10 pps, f o r  use  

i n  making f i lmed absorp t ion  records .  The output  of t h e  t h r e e  ca rds  a r e  

f ed  t o  card  4 (Figure 6. l o ) ,  a g a t e  and adder c i r c u i t .  Th i s  c a r d  employs 

t h r e e  NAND g a t e s ,  one f o r  each input  p r f ,  connected i n  an OR conf igura-  

t i o n ;  i , e ,  , t h e  t h r e e  g a t e s  s h a r e  a common load resistor s o  t h a t  t h e  

output  pu l ses  from a l l  of t h e  t h r e e  g a t e s  appear  a c r o s s  t h i s  r e s i s t o r .  

The prf  of t h e  s y s t e m  is  s e l e c t e d  by apply ing  a turn- on b i a s  t o  t h e  

appropr i a t e  NAND ga te .  Th i s  b i a s  may be app l i ed  e i t h e r  by means of a 

f ron t- pane l  swi tch  (PRF S e l e c t o r )  or e x t e r n a l l y  from an automatic  

programming device  i f  d e s i r e d ,  I n  a d d i t i o n  t o  i t s  primary f u n c t i o n  

a 
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desc r ibed  he re ,  t h e  pr f  s e l e c t o r  swi tch  a l s o  a p p l i e s  b i a s e s  t o  " lock  

out" c e r t a i n  o t h e r  c i r c u i t s  a t  some p r f ' s ,  -as w i l l  be expla ined  below. 

The pu l se  output  from c a r d  4 is  f ed  t o  c a r d  5 (Figure 6.11) which 

holds  a r a t h e r  complex c i r c u i t  performing s e v e r a l  func t ions ,  A s  on card  

4 ,  t h r e e  NAND g a t e s  t r igger  a 2 5  ps monostable m u l t i v i b r a t o r  (used t o  

shape t h e  ou tpu t ) ,  which i n  t u r n  d r i v e s  an i n v e r t e r  and emi t te r- fo l lower  

pu l se  ou tput  amplifier. ,  I n  t h e  s imp le s t  case, a t  5 pps,  t h e  input  pu lse  

is  f e d  t o  g a t e  C, which is ac tua t ed  by a turn- on b i a s  from t h e  p r f  

s e l e c t o r  swi tch ,  It is then  f e d  d i r e c t l y  t o  t h e  25 ps m u l t i v i b r a t o r .  

A t  p r f ' s  of 1/2 and 1/10 pps,  however, t h e  pu l se s  are not  f ed  d i r e c t l y  

through t o  t h e  g a t e s ,  b u t  d r i v e  a 600 m s  m u l t i v i b r a t o r  i n s t ead .  The 

turn- on s p i k e  of t h e  m u l t i v i b r a t o r  is f e d  t o  t h e  camera t iming  c o n t r o l  

c i r c u i t  (card  9), caus ing  t h e  camera s h u t t e r  t o  open 600 m s  p r i o r  t o  

t h e  i n i t i a l  ou tput  t r i g g e r  pu l se ,  The turn- off  s p i k e  is f e d  (a) t o  

NAND g a t e  A ,  r e s u l t i n g  i n  t h e  gene ra t i on  of t h e  f i r s t  ou tput  t r i g g e r  

p u l s e ,  and (b) t o  t h e  input  t r i g g e r  of a 125 m s  monostable m u l t i v i b r a t o r .  

The turn- off  s p i k e  of t h i s  l a t t e r  m u l t i v i b r a t o r  is f e d  t o  NAND g a t e  B, 

r e s u l t i n g  i n  t h e  gene ra t i on  of a second output  t r i g g e r  pu l se  125 m s  

a f t e r  t h e  i n i t i a l  one, p rov id ing  t h a t  a g a t e  turn- on b i a s  i s  app l i ed  

t o  g a t e  B. The r equ i r ed  b i a s  is c o n t r o l l e d  by a f ron t- panel  swi tch  

(Double Pu l se  On-Off). 

second pu l se  is  inc luded  i n  t h e  ou tpu t ,  However, an a d d i t i o n a l  

swi tch  ganged t o  t h e  pr f  selector prevents  a p p l i c a t i o n  of t h e  b i a s  t o  

g a t e s  A and B when t h e  system is  opera ted  a t  5 pps. 

When t h i s  swi tch  is i n  t h e  *'on" p o s i t i o n ,  t h e  
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One f u r t h e r  ou tpu t  of ca rd  5 is  genera ted  by t h e  turn- off  s p i k e  o f  

the 600 m s  m u l t i v i b r a t o r  ( co inc id ing  i n  t i m e  wi th  t h e  i n i t i a l  ou tpu t  

t r i g g e r  p u l s e ) ,  and i s  supp l i ed  t o  c a r d  10,  which c a r r i e s  t he  antenna 

and r e c e i v e r  p o l a r i t y  t iming c i r c u i t s ,  to  be desc r ibed  below. 

Card 6 c i r c u i t r y ,  shown i n  Figure 6 .12 ,  is  designed t o  a c t u a t e  t h e  

t r ansmi t- rece ive  g a t e  (an e x t e r n a l  u n i t  i n  t h e  antenna f e e d l i n e ,  a s  

de sc r ibed  i n  Chapter  5)  a f t e r  each ou tpu t  t r igger  p u l s e ,  r e g a r d l e s s  

of  t h e  p r f  s e l e c t e d .  The TR g a t e ,  which normally blocks t h e  f e e d l i n e  

energy from the  r e c e i v e r ,  is  a c t i v a t e d  200 U S  a f t e r  each t r i g g e r  p u l s e ,  

and remains o p e r a t i v e  u n t i l  10 m s  a f t e r  t he  t r i g g e r  p u l s e ,  t o  a l low 

obse rva t ion  of  rece ived  r e f l e c t i o n s  f o r  t h a t  l e n g t h  of  t i m e .  

The ou tpu t  t r i g g e r  p u l s e s  from ca rd  5 a r e  supp l i ed  t o  ca rd  7 

(Figure 6 . 1 2 ) ,  where they a r e  app l i ed  t o  a series g a t e .  The g a t e  i s  

a c t i v a t e d  by a b i a s  c o n t r o l l e d  wi th  a f ron t- panel  swi tch  (Pulse  Output 

On-Off). I n  the "on" c o n d i t i o n ,  t h i s  g a t e  pas se s  the pu l se s  t o  a 10 U s  

monostable m u l t i v i b r a t o r  used t o  ensu re  t h a t  a l l  ou tpu t  pu l se s  a r e  o f  

uniform width and ampli tude.  The o u t p u t  of the  m u l t i v i b r a t o r  d r i v e s  

two Dar l i ng ton  ou tpu t  a m p l i f i e r s .  One of  t he se  ou tpu t  a m p l i f i e r s  

s u p p l i e s  system ou tpu t  p u l s e s  t o  the  t r a n s m i t t e r  e x c l u s i v e l y ,  whi le  t h e  

o t h e r  (Auxi l ia ry  Pu l se  Output)  s u p p l i e s  a l l  a s s o c i a t e d  c i r c u i t r y  

r e q u i r i n g  synch ron iza t ion  p u l s e s .  Th i s  arrangement is  in tended  to  

prevent  swi tch ing  t r a n s i e n t s  genera ted  i n  o t h e r  u n i t s  from caus ing  

f a l s e  t r i g g e r i n g  o f  t h e  t r a n s m i t t e r .  

The p u l s e s  from the  a u x i l i a r y  t r i g g e r  ou tpu t  a r e  a l s o  supp l i ed  t o  

ca rd  8 (Figure 6 -1 3 ) ,  which comprises an  a u x i l i a r y  t r i g g e r  de l ay  c i r c u i t .  
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In  some cases t h e r e  is  a de l ay  between t h e  t r a n s m i t t e r  t r i g g e r  ou tput  

pu l se s  from t h e  t iming  and c o n t r o l  system and t h e  i n i t i a t i o n  of  t h e  

a c t u a l  t r a n s m i t t e r  RF output  pu lse .  The ad jus t ab l e- de lay  a u x i l i a r y  

t r i g g e r  ou tput  a l lows t h e  o p e r a t o r  t o  compensate f o r  t h i s  de l ay  i n  t h e  

t r a n s m i t t e r  when t r i g g e r i n g  o t h e r  f u n c t i o n s ,  such as  t h e  o s c i l l o s c o p e  

t r a c e .  Thus, t h e  beginning of  t h e  ' scope  trace may b e  synchronized 

e x a c t l y  w i t h  t h e  beginning of t h e  t r a n s m i t t e r  RF output  pu lse .  The 

de l ay  is  a d j u s t a b l e  by means of a f ron t- pane l  c o n t r o l  (Auxi l ia ry  

Trigger De lay )  

The da ta- record ing  camera s h u t t e r  is  ac tua t ed  by a r e l a y  which is  

i n  t u r n  c o n t r o l l e d  by t h e  c i r c u i t r y  of ca rd  9, shown i n  F igure  6.14. 

A lockout  p rov i s ion  prevents  t h e  camera from o p e r a t i n g  when t h e  system 

pr f  is  set a t  5 pps. However, a t  1/2 and 1/10 pps,  a 1600 m s  monostable 

m u l t i v i b r a t o r  is  a c t i v a t e d  600 m s  p r i o r  t o  t h e  i n i t i a l  ou tput  t r i g g e r  

p u l s e  and remains a c t i v e  u n t i l  1 sec a f t e r  t h i s  pu lse .  The m u l t i v i b r a t o r  

a c t u a t e s  a r e l a y  d r i v e r  and r e l a y  t h a t  open t h e  s h u t t e r  du r ing  t h i s  

i n t e r v a l .  Front- panel  swi tches  a r e  provided t o  permit  manual control  

of t h e  s h u t t e r  when d e s i r e d .  

I n  a s i m i l a r  f a sh ion ,  the antenna c i r c u l a r i t y  and r e c e i v e r  ou tput  

p o l a r i t y  a r e  r eve r sed  by means of a r e l a y  a c t i v a t e d  by t h e  c i r c u i t r y  

on c a r d  10 (Figure 6.15). The i n i t i a l  ou tput  t r i g g e r  pu l se  of each c y c l e  

is  supp l i ed  t o  a 75 m s  d e l a y  m u l t i v i b r a t o r ,  t h e  tu rn- off  s p i k e  of which 

t r i g g e r s  a 100 m s  monostable m u l t i v i b r a t o r .  Th i s  l a t t e r  s t a g e  f eeds  a 

r e l a y  d r i v e r  and r e l a y  which a c t i v a t e s  e x t e r n a l  r e l a y s  t o  accomplish 

t h e  swi t ch ing  func t ions .  The antenna p o l a r i t y  i s  t h u s  changed t o  t h e  

i 
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e x t r a o r d i n a r y  c i r c u l a r  mode and the  r e c e i v e r  ou tput  p o l a r i t y  is  switched 

from p o s i t i v e  t o  nega t ive  f o r  t h i s  100 m s  i n t e r v a l  du r ing  which t h e  

second t r a n s m i t t e r  pu l se  occurs .  A lockout  f e a t u r e  is  a l s o  provided 

t o  prevent  ope ra t i on  of the  r e l a y  when the  system pr f  is  se t  a t  5 pps. 

A s  i n  the  case of the  camera c o n t r o l  c i r c u i t ,  f ron t- pane l  switches a r e  

provided t o  permit  manual con t ro l .  

In  a l l  of the  c i r c u i t s  described above, swi tch ing  opera t  ions  a r e  

performed b y  t h e  a p p l i c a t i o n  of b i a s  vo l t age  t o  the  app rop r i a t e  p o i n t s  

of the  c i r c u i t s ,  There are two reasons  f o r  u s ing  t h i s  technique.  F i r s t ,  

a l l  f u n c t i o n s  of the  e n t i r e  sounder s y s t e m  are c o n t r o l l e d  through t h e  

t iming  and c o n t r o l  s y s t e m  du r ing  normal opera t ion .  The b i a s  c o n t r o l  

method w i l l  allow these func t ions  t o  be c o n t r o l l e d  b y  an e x t e r n a l  pro- 

gramming dev ice ,  t he reby  reducing the  requirements  f o r  ope ra to r  a t t en-  

t i o n .  I d e a l l y ,  t he  s y s t e m  could  be  s e l f - o p e r a t i n g  f o r  long pe r iods  o f  

t i m e .  Secondly , t h e  b i a s  c o n t r o l  method p reven t s  swi tch ing  t r a n s i e n t s  

from appearing i n  t h e  o u t p u t ,  s i n c e  no s igna l- ca r ry ing  l eads  or frequency-  

determining components a r e  switched d i r e c t l y .  Switching t r a n s i e n t s  i n  

ea r l i e r  systems o c c a s i o n a l l y  proved d e t r i m e n t a l  t o  t h e  t r a n s m i t t e r .  

All of t h e  t iming  and c o n t r o l  system l o g i c  c i r c u i t r y  is opera ted  

a t  10 VDC, bu t  r e l a y  d r i v e r s  and p u l s e  ou tput  a m p l i f i e r s  r equ i r ed  30 VDC. 

T h e  power supply  module c o n t a i n s  two s e p a r a t e  s u p p l i e s  and e l e c t r o n i c  

r e g u l a t o r  c i r c u i t s  t o  provide  these vol tages .  A s  mentioned above, the 

r e g u l a t o r  c i r c u i t r y ,  w i t h  the  excep t ion  of  the  series r e g u l a t o r  t r a n s i s -  

t o r ,  i s  mounted on plug- in c a r d s  as shown i n  F igu re  6.16 f o r  ease of f i e l d  

maintenance. A panel  meter is provided and may be  switched t o  monitor 

c u r r e n t  or vo l t age  of e i t he r  supply. 

.! 
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Figures  6 .17 ,  6 .18 ,  and 6 . 1 9  i l l u s t r a t e  t he  w i r ing  o f  t he  t h r e e  

modules, and Figure 6 .20  i s  a diagram of  t h e  manifold w i r ing .  F igure  6 .21  

i s  a block diagram showing a l l  o f  t he  important  l o g i c  blocks and t h e i r  

i n t e r connec t ions .  

of  o p e r a t i o n  a t  1/2 or ‘ii10 pps pu l se  r e p e t i t i o n  frequency, 

A High Pulse  R e p e t i t i o n  Rate Timing and Cont ro l  System: 

F igure  6.22 shows a i y p i c a l  sequence o f  a s i n g l e  c y c l e  

I n  t he  u se  o f  

I l l i n o i s  a f t e r  t h e  

and c o n t r o l  s y s t e m  

the  t r a n s m i t t e r  and r e c e i v e r  a t  t he  Un ive r s i t y  o f  

sh ipboard  exper iment ,  t he  need a rose  f o r  a t iming 

capable  of o p e r a t i o n  a t  pu l se  r e p e t i t i o n  r a t e s  of 

30 and 60 pu l se s  per second. This  system i s  i n  use f o r  measurement of 

ionospher ic  d r i f t s  ahd v e r t i c a l  inc idence  abso rp t ion  and has  proven t o  be 

q u i t e  u s e f u l  i n  obse rva t ion  of p a r t i a l  r e f l e c t i o n s  and i n  adjustment  of  

t h e  t r a n s m i t t e r .  

The pu l se  gene ra t i ng  c i r c u i t r y  is very  s i m i l a r  i n  des ign  t o  t h e  l i n e -  

synchronized s y s t e m  p rev ious ly  de$c+ibed i n  t h i s  c h a p t e r .  

h igh  pu l se  r e p e t i t i o n  r a t e s  genera ted  by t h i s  p u l s c r ,  i t  was no longer  

Because of t he  

f e a s i b l e  t o  inc lude  au tomat ic  r e l a y  swi tch ing  of  antenna p o l a r i z a t i o n ,  

receiver p o l a r i t y ,  o r  t h e  camera : s h u t t e r .  A l l  of  these  func t ions  a r e  

c o n t r o l l e d  manually and no p rov i s ion  i s  provlded f o r  t h e i r  o p e r a t i o n  by 

t h e  t i m i n g  and c o n t r o l  system. The requirements  of  t he  d r i f t  experiment 

n e c e s s i t a t e d  t h e  i n c l u s i o n  of  c i r c u i t r y  t o  gene ra t e  t h r e e  g a t e  pu l se s  f o r  

c o n t r o l  of  the . th ree-channel  RF p r e a m p l i f i e r  and the  t h r ee- leve l  r e c e i v e r  

ou tpu t  swi tch ing  c i r c u i t  d i s cus sed  i n  Chapter  3.  S ince  t he  system i s  i n  

use wi th  the  e l e c t r o n i c  TR swi tch  d i s cus sed  i n  Ch‘apter 5 ,  c i r c u i t r y  f o r  

gene ra t i on  of  t he  TR g a t e  enable  pu l se  has  been included i n  t h i s  p u l s e r .  
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Figure  6 - 2 3  is  t h e  l o g i c  diagram of t h e  h igh  pr f  p u l s e r  and shows t h e  

stage-by- stage arrangement of t h e  u n i t  as w e l l  as t h e  t y p i c a l  waveforms 

genera ted  by it. Synchroniza t ion  w i t h  t h e  power l i n e  is achieved by d r i v i n g  

a Schmitt  t r i g g e r  w i t h  e i t h e r  a 120 Hz or 60 Hz s i g n a l  de r ived  from a 12.6 VAC 

t ransformer.  The 120 Hz s i g n a l  is  obta ined  by full-wave r e c t i f i c a t i o n  of t h e  

t ransformer  ou tput .  The u n f i l t e r e d  ou tput  is not  s i n u s o i d a l ,  bu t  it does 

r e t a i n  t h e  phase of t h e  power l i n e  and is adequate f o r  t r i g g e r i n g  t h e  Schmitt  

c i r c u i t ,  A monostable m u l t i v i b r a t o r  is  t r i g g e r e d  by t h e  ou tput  of t h e  Schmitt  

t r i g g e r  and provdes means of a d j u s t i n g  t h e  r e l a t i v e  phase of t h e  t r a n s m i t t e r  

pu l se  t o  escape  r e c u r r e n t  l ine- synchronized i n t e r f e r e n c e ,  The schematic 

diagram of t h e  sync gene ra to r  c i r c u i t s  and t h e  power supply  c i r c u i t s  i s  shown 

i n  F igure  6.24. 

The schematic  diagram of t h e  t iming  c i r c u i t r y  of t h e  u n i t  i s  shown 

i n  F igure  6.25. The output  of t h e  phase- adjust ing monostable m u l t i v i b r a t o r  

is squared i n  a Schmitt  t r i g g e r  and i s  used t o  a c t i v a t e  t h e  f i r s t  b i-  

s t a b l e  m u l t i v i b r a t o r  i n  t h e  t im ing  chain.  The output  p r f  of t h i s  BSMV i s  

a l s o  t h e  frequency of t h e  t r a n s m i t t e r  pu l se  r a t e ,  e i t h e r  30 or 60 pps as 

chosen by t h e  sync gene ra to r  c i r c u i t r y .  I n  o rde r  t h a t  t h e  t h r e e  g a t e  

p u l s e s  w i l l  b racke t  t h e  t r a n s m i t t e r  pu l se ,  one of t h e  BSMV ou tpu t s  t r i g g e r s  

t h e  t r a n s m i t t e r  t r i g g e r  pu l se  c i r c u i t r y  and t h e  o t h e r  ou tput  t r i g g e r s  t h e  

g a t e  pu l se  gene ra to r  c i r c u i t r y ,  Th i s  s y s t e m  a s s u r e s  t h a t  t h e  t r a n s m i t t e r  

pu l se  w i l l  always f a l l  i n  t h e  c e n t e r  of each g a t e  pu lse .  

The t r a n s m i t t e r  t r igger  p u l s e  c i r c u i t r y  c o n s i s t s  of a 10 ps monostable 

m u l t i v i b r a t o r  and shaping  and a m p l i f i e r  c i r c u i t r y .  A Dar l ing ton  a m p l i f i e r  

is used i n  t h e  ou tput  c i r c u i t  t o  achieve an ou tput  impedance of 100 ohms 
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which prevents  problems wi th  RF r e t r i g g e r i n g  of t h e  t im ing  c i r c u i t s ,  

S i x  type 2N697 and two type  2N398 t r a n s i s t o r s  are used i n  t h e  t r a n s m i t t e r  

t r i g g e r  pu l se  c i r c u i t r y .  

Two b i s t a b l e  m u l t i v i b r a t o r s  a r e  used wi th  a feedback system t o  

d i v i d e  t h e  pu l se  r e p e t i t i o n  r a t e  by t h r e e  for gene ra t i on  of t h e  t h r e e  

g a t e  pu lses .  

Gate pu lse  B is  genera ted  by mixing t h e  input  and output  of t h e  coun te r  

i n  a NOR c i r c u i t  and d i v i d i n g  t h e  r e s u l t i n g  ou tput  by two i n  a b i s t a b l e  

m u l t i v i b r a t o r  c i r c u i t .  Gate pu l se  "6" is genera ted  by summing and in-  

v e r t i n g  pu l se s  A and "€3'' i n  t h e  NAND ga te .  The waveforms a s soc i a t ed  

w i th  t h e  gene ra t i on  of t h e s e  g a t e  pu l se s  are a l s o  shown i n  F igure  6.25, 

The output  of t h i s  divide- by- three counter  is g a t e  pu lse  "A",, 

t? 89 

** *) 

The TR g a t e  enable  pu l se  is  genera ted  by t r i g g e r i n g  a 200 ps de l ay  

monostable mult  i v i b r a t o r  c i r c u i t  w i th  each  t r a n s m i t t e r  t r i g g e r  pulse .  

Th i s  MSMV i n  t u r n  t r i g g e r s  a 10 m s  monostable m u l t i v i b r a t o r  c i r c u i t  gen- 

e r a t i n g  t h e  TR g a t e  enable  pu lse .  A t w o- t r a n s i s t o r  a m p l i f i e r  squares  

t h e  waveshape of t h e  pu l se ,  amp l i f i e s  i t  t o  a 30 v o l t  l e v e l ,  and lowers 

t h e  output  impedance t o  1000 ohms., 

Two r e g u l a t e d  power s u p p l i e s  are used i n  t h e  u n i t ,  a +30 v o l t  and 

a +10 v o l t  r e g u l a t o r .  The +10 v o l t  r e g u l a t o r  s u p p l i e s  power t o  a l l  

t iming and c o n t r o l  c i r c u i t r y  bu t  t h e  TR gate c i r c u i t ,  and t h e  +30 v o l t  

r e g u l a t o r  s u p p l i e s  power t o  t h e  TR gate c i r c u i t  and t o  3 0 . v o l t  a m p l i f i e r s  

for each gate pu l se  and for t h e  t r a n s m i t t e r  t r i g g e r  pu lse .  The c i r c u i t s  

of bo th  r e g u l a t o r s  are s imi la r  i n  des ign  t o  t hose  used i n  t h e  receiver 

power supply  desc r ibed  i n  Chapter  3, 

The e n t i r e  t iming  qnd c o n t r o l  s y s t e m  is  cons t ruc t ed  on s t anda rd  

c i r c u i t  boards and housed i n  a s h i e l d e d  enc losu re  t o  prevent  r e t r i g g e r i n g  
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by s t r o n g  RF  f i e l d s .  Because of  h igh  ambient t empera tures ,  i t  has  been 

necessary  t o  r ep l ace  a l l  of  the germanium 2N398 t r a n s i s t o r s  wi th  s i l i c o n  

2N1131 t r a n s i s t o r s .  With t h i s  excep t ion ,  the  u n i t  has  proven t o  be h igh ly  

r e l i a b l e  i n  the f i e l d .  Fu ture  program planning i n d i c a t e s  t h a t  i t  would 

be very d e s i r a b l e  t o  i nco rpo ra t e  the func t ions  of  t h i s  u n i t  i n  the modular 

t iming and c o n t r o l  s y s t e m  described p rev ious ly  t o  avoid the  n e c e s s i t y  

of swi tch ing  cab l e s  from one u n i t  t o  t he  o t h e r  when changing t h e  s y s t e m  from 

one type of measurement t o  ano the r .  Much of t h e  c i r c u i t r y  of t he  two u n i t s  

i s  very s i m i l a r  and the  h igh  pu l se  r e p e t i t i o n  f e a t u r e  could be added t o  

the  modular u n i t  without  ex t ens ive  mod i f i ca t i ons .  
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7 e RECORDING SYSTEM, CALIBRATION TECHNIQUE, 

AM) PRELIMINARY DATA 

Recording System: 

A s  mentioned p rev ious ly ,  t h e  abso rp t ion  and p a r t i a l  r e f l e c t i o n  d a t a  

were recorded by f i lm ing  an  o s c i l l o s c o p e  t r a c e  of t h e  r e c e i v e r  ou tpu t .  

The r e c e i v e r  ou tpu t  is connected t o  t he  v e r t i c a l  i npu t  of  the  o s c i l l o s c o p e  

and t h e  t r a n s m i t t e r  t r i g g e r  pu l se  from t h e  t iming and c o n t r o l  system t r i g g e r s  

t he  h o r i z o n t a l  sweep c i r c u i t s  of  the o s c i l l o s c o p e .  Therefore  t h e  iono- 

s p h e r i c  r e f l e c t i o n s  appear  a s  pu l se s  delayed i n  t i m e  by an amaunt propor- 

t i o n a l  t o  t h e  v i r t u a l  he igh t  of  t he  r e f l e c t i n g  medium. By measuring the  

ampli tude of t he se  pu l se s  a s  w e l l  a s  t h e i r  displacement  from the  t r a n s m i t t e r  

pu l se ,  i t  is  p o s s i b l e  t o  c a l c u l a t e  t he  amount o f  a t t e n u a t i o n  of  t he  s i g n a l  

due t o  t he  ionosphere.  S ince  t h e  bandwidth of  t he  r e c e i v e r  is 50 kHz, an  

o s c i l l o s c o p e  wi th  a v e r t i c a l  a m p l i f i e r  passband from DC t o  500 W z  i s  s u f f i -  

c i e n t  t o  d i s p l a y  t h e  i onosphe r i c  r e f l e c t i o n s .  The 500 H-Iz bandwidth is  

cons ide rab ly  g r e a t e r  than  t h e  minimum r e q u i r e d ,  bu t  a s s u r e s  t h a t  t he  o s c i l l o -  

scope c i r c u i t r y  i t s e l f  does n o t  d i s t o r t  the  d a t a  recorded .  The Tekt ronix  

type RM 504 o s c i l l o s c o p e  was chosen f o r  t h e  d a t a  r eco rd ing  system. 

The t r a c e  on the  o s c i l l o s c o p e  was photographed wi th  a 35 mm camera, 

t h e  s h u t t e r  and film-advance mechanism of  which were c o n t r o l l e d  by t h e  

t iming and c o n t r o l  s y s t e m  a s  o u t l i n e d  e a r l i e r .  The Beattie-Colman KD-5HE) 

camera and pulse- type magazine system were used i n  t he  shipboard experiment .  

Th i s  camera has  an e l e c t r i c a l l y  opera ted  s h u t t e r  and a c o n t r o l  system so 

t h a t  t h e  35 mm f i l m  is  advanced one frame each  t i m e  t h e  s h u t t e r  i s  c l o s e d .  

The camera i s  supp l i ed  by the  manufacturer  wi th  a pushbut ton type of  s h u t t e r  
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c o n t r o l ,  in tended t o  be used i n  much t h e  same manner a s  a c a b l e  r e l e a s e  is  

used i n  non-automatic cameras. The camera c o n t r o l  r e l a y  i n  t he  t iming and 

c o n t r o l  system simply r ep l aces  t h i s  pushbut ton s w i t c h .  The camera c o n t r o l  

c i r c u i t s  have posed s e r i o u s  problems i n  t h a t  very  s t r o n g  RF i n t e r f e r e n c e  

is  r a d i a t e d  from the  camera dur ing  t h e  f i l m  advancing and s h u t t e r  opening 

and c l o s i n g  cycles.  Extens ive  s h i e l d i n g  of a l l  camera c o n t r o l  l e a d s  a s  

w e l l  a s  adequate grounding of a l l  popt ions  of  the  camera body were necessary  

t o  prevent  r e t r i g g e r i n g  of  t h e  t iming and c o n t r o l  system by t h e  camera n o i s e .  

Furthermore, ope ra t i on  of t he  camera cont inuous ly  ove r  a per iod  of  s e v e r a l  

days has  r e s u l t e d  i n  t h e  f a i l u r e  of  i t s  i n t e r n a l  s h u t t e r  c o n t r o l  power 

supply.  The c o n t r o l  system o f  t he  camera is  e v i d e n t l y  designed for a p p l i-  

c a t i o n s  i n  which exposures  a r e  spaced over  r e l a t i v e l y  long pe r iods  of t i m e  

s i n c e  a l l  c i r c u i t  f a i l u r e s  have been t r a c e d  t o  overhea t ing  i n  the camera 

i t s e l f ,  The camera is o p t i c a l l y  i d e a l  for t h i s  form of  d a t a  record ing  s i n c e  

a wide range of focus and i r i s  opening adjustment  is  provided. 

The f i l m  used f o r  d a t a  record ing  is Kodak type SP-417 Royal-X Panchro- 

mat ic  film e x p r e s s l y  designed f o r  o s c i l l o s c o p e  photography. The f i l m  i s  

designed f o r  a s p e c t r a l  peak i n  the b lue  p o r t i o n  of  the  l i g h t  spectrum so  

a s  t o  be p a r t i c u l a r l y  s e n s i t i v e  t o  the  blue f l u o r e s c e n t  t r a c e  from the P2 

phosphor of the  o s c i l l o s c o p e  d i s p l a y  tube.  A d i sadvantage  i n  the  use of 

t h i s  s p e c i a l  f i l m  is  t h a t  i t  i s  not  very  s e n s i t i v e  to  red l i g h t  and t h e r e f o r e  

t h e  g r a t i c u l e  i n t e n s i t y  must be q u i t e  s t r o n g  t o  achieve a good exposure of  

both t he  o s c i l l o s c o p e  t r a c e  and the g r a t i c u l e .  

Filmed records  of  ionospher ic  r e f l e c t i o n s  p r e s e n t  t h e  b e s t  of  a l l  

means of p r e se rv ing  f o r  f u t u r e  s tudy  a l l  of  the c h a r a c t e r i s t i c s  of each 

i n d i v i d u a l  s i g n a l .  However, t h e  r educ t ion  of  t he se  f i l m s  t o  produce a n  
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abso rp t ion  p r o f i l e  i s  a very  t ed ious  and l abo r ious  t a sk .  For t h i s  reason ,  an 

automatic  record ing  s y s t e m  t h a t  e l e c t r o n i c a l l y  i n t e g r a t e s  a predetermined s i g n a l  

and records  t h i s  average s i g n a l  on a c h a r t  h a s  been devised  by R .  Appel, This  

system is  desc r ibed  i n  a s e p a r a t e  r e p o r t  ~ (Appel and Bowhill, 1965) and w i l l  

no t  be d i scussed  i n  d e t a i l  i n  t h i s  r e p o r t .  The primary advantage of  t he  auto-  

mat ic  system i s  i n  the e l i m i n a t i o n  of  the  f i lm- reading  o p e r a t i o n  i n  d a t a  

reduc t ion .  The f i l m  record ing  system i s  s t i l l  s u p e r i o r  i n  a p p l i c a t i o n s  r equ i r-  

ing  knowledge of r ap id  f ad ing  o f  the s i g n a l  o r  when t h e  s p l i t t i n g  au tomat ic  

s y s t e m  is not  a p r e s e n t  adap tab l e  t o  measurement of p a r t i a l  r e f l e c t i o n s  s i n c e  

i t  r e q u i r e s  prior in format ion  a s  t o  what he igh t  range the system should s ea rch  

f o r  ionospher ic  r e f l e c t i o n s .  To d a t e ,  p a r t i a l  r e f l e c t i o n s  have no t  been 

observed w i t h  enough ampli tude or r e g u l a r i t y  a t  a s p e c i f i c  h e i g h t  f o r  t h i s  

s y s t e m  t o  be used. Poss ib ly  t h i s  i n t e g r a t i o n  technique can be app l i ed  t o  

p a r t i a l  r e f l e c t i o n  record ing  by s lowly sweeping the echo- se lec t ing  g a t e  ove r  

the  range of  50 t o  80 k m ,  w i t h  a p l o t  o f  t he  average s i g n a l  amplitude v s  

h e i g h t  p r i n t e d  every  minute o r  so. 

System C a l i b r a t i o n  Techniques: 

The c a l i b r a t i o n  o f  t h e  system before  record ing  d a t a  involves  the 

fo l lowing  s t e p s :  

1. C a l i b r a t e  t h e  r e c e i v e r  g a i n  c o n t r o l s  a s  o u t l i n e d  i n  Chapter  3 .  

2 .  Align  the antenna system a s  o u t l i n e d  i n  Chapter  5. 

3 .  Align  a l l  tuned c i r c u i t s  of t h e  t r a n s m i t t e r  f o r  maximum ou tpu t .  

4. Measure the ou tpu t  of t he  t r a n s m i t t e r .  

5. P o s i t i o n  t h e  t r a c e  on the  o s c i l l o s c o p e  to o b t a i n  both a t i m e  
and ampli tude r e f e r ence  p o i n t .  
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6 .  Determine t he  system c a l i b r a t i o n  c o n s t a n t  each evening by observing 
t h e  f i r s t  and second E- layer  r e f l e c t i o n s .  

The ou tpu t  power of  t he  t r a n s m i t t e r  was measured and recorded each day 

by measuring t h e  ampli tude of  t he  pu l se  a c r o s s  t he  antenna wi th  a lOOOX 

h igh  vo l t age  scope probe and the  RM33A t e s t  o s c i l l o s c o p e .  The antenna 

impedance was checked p e r i o d i c a l l y  t o  a s s u r e  t h a t  i t  d i d  remain a t  50 ohms 

r e s i s t i v e .  Power ou tpu t  c a l c u l a t e d  from t h i s  vo l t age  was always determined 

t o  be between 42 and 46 kW dur ing  the  pu l se .  The RF ou tput  o f  t he  t r a n s m i t t e r  

was cont inuous ly  monitored t o  a s s u r e  t h a t  i t  remained cons t an t  throughout 

a d a t a  run ,  

Time and amplitude r e f e r ence  p o i n t s  i n  t he  o s c i l l o s c o p e  were set up 

wi th  t he  o s c i l l o s c o p e  g r a t i c u l e .  The t i m e  z e r o  r e f e r ence  was def ined  t o  be 

the  beginning of t h e  t r a n s m i t t e r  pu l se  and was pos i t i oned  on the  scope a t  

t he  f a r  l e f t  of t h e  s c r e e n  a t  the  f i r s t  major v e r t i c a l  g r a t i c u l e  l i n e .  

The ze ro- s igna l  ou tpu t  of  t h e  r e c e i v e r  was used a s  t h e  ampli tude r e f e r ence  

and i t s  p o s i t i o n i n g  on t h e  s c r een  was d i f f e r e n t  f o r  abso rp t ion  and p a r t i a l  

r e f l e c t i o n  r eco rds .  For abso rp t ion  r e c o r d s ,  t he  zero- s igna l  r e f e r ence  was 

pos i t i oned  one major h o r i z o n t a l  g r a t i c u l e  l i n e  up from t h e  bottom of  t he  

s c r een  s i n c e  t h e  lowest  g r a t i c u l e  l i n e  does n o t  extend the  f u l l  width of 

t he  o s c i l l o s c o p e  sc r een .  For p a r t i a l  r e f l e c t i o n  r eco rds ,  t he  zero- s igna l  

r e f e r ence  was set a t  t h e  middle of t he  o s c i l l o s c o p e  sc r een  t o  a l low room f o r  

d i s p l a y  of  bo th  p o s i t i v e  and nega t ive  d e f l e c t i o n s .  

The c a l i b r a t e d  sweep ranges of  0.5, 0 . 2 ,  and 0.1 m s / c m  of t h e  o s c i l l o -  

scope were used a s  c a l i b r a t i o n  of  t he  t i m e  and t h e r e f o r e  he igh t  s c a l e  of  

t h e  r eco rds .  The accuracy of  t h e  o s c i l l o s c o p e  sweep c i r c u i t  was checked 

p e r i o d i c a l l y  wi th  a s t anda rd  o s c i l l a t o r .  The 0 . 1  m s / c m ,  or 15 km/cm, s c a l e  
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was used e x c l u s i v e l y  f o r  p a r t i a l  r e f l e c t i o n  record ing .  Recording of  absorp-  

t i o n  was made w i t h  the t i m e  scales of  0.2 m s / c m  (30 km/cm) and 0.5 m s / c m  

(75 km/cm). E- layer r e f l e c t i o n s  were recorded on t h e  0 - 2  m s / c m  scale 

e x c l u s i v e l y .  Ea r ly  morning abso rp t ion  record ings  were u s u a l l y  made o f  

F- layer  r e f l e c t i o n s  on the 0.5 m s / c m  t i m e  s c a l e  s i n c e  E- layer r e f l e c t i o n s  

were e i the r  non- exis ten t  or very  weak i n  t he  hours  near  ground s u n r i s e .  The 

v e r t i c a l  a m p l i f i e r  o f  t he  o s c i l l o s c o p e  was always maintained a t  a c a l i b r a t e d  

s e n s i t i v i t y  of  1 . 0  volt/cm and was checked p e r i o d i c a l l y  w i t h  t h e  o s c i l l o s c o p e  

c a l i b r a t o r .  

The r e c e i v e r  g a i n  c o n t r o l s  were c a l i b r a t e d  d a i l y  w i t h  the  procedure 

p rev ious ly  o u t l i n e d  i n  Chapter  3 and t h e  antenna p o l a r i z a t i o n  was a l s o  

checked d a i l y  a s  d i s cus sed  p rev ious ly .  

C a l i b r a t i o n  of  the s y s t e m  s e n s i t i v i t y  involves  determining a s y s t e m  

c a l i b r a t i o n  c o n s t a n t  by obse rva t ion  of  the f i r s t  and second r e f l e c t i o n s ,  a s  

der ived  below: 

The apparen t  r e f l e c t i o n  c o e f f i c i e n t ,  P ,  can be de f ined  a s  

P = E/Eo (7.1) 

where 

E = the  ampli tude of  the  s i g n a l  r e f l e c t e d  from t h e  ionosphere.  

E = the ampli tude of t h e  r e f l e c t e d  s i g n a l  i f  no i onosphe r i c  absorp- 
0 

t i o n  w e r e  p r e sen t .  

Measurement of ionospher ic  abso rp t ion  is  u s u a l l y  expressed  i n  terms of a 

loss i n  d e c i b e l s ,  L, where 

L = -20 l o g  ( p ) .  (7.2) 

I t  can be f u r t h e r  shown t h a t  

E h  = p K  (Appel and B o y h i l l ,  1965) (7 3 )  
1 1  
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where 

E = The measured ampli tude of the f i r s t  ionospher ic  r e f l e c t i o n .  

h = The v i r t u a l  h e i g h t  of  t h e  f i r s t  r e f l e c t i o n .  

K = System c a l i b r a t i o n  c o n s t a n t  equa l  t o  t h e  amplitude-height product  

1 

1 

of a r e f l e c t i o n  without  abso rp t ion .  

Furthermore, the second o r d e r  r e f l e c t i o n  may be expressed a s  

(7.4) 

where 

E = The measured ampli tude of t h e  second r e f l e c t i o n .  2 

= The r e f l e c t i o n  c o e f f i c i e n t  of  t h e  ground,  or, i n  the  s p e c i a l  
pg 

case of t h e  s h i p ,  t h e  r e f l e c t i o n  c o e f f i c i e n t  of  the s e a .  

With a l g e b r a i c  manipulat ion t h e  fo l lowing  r e l a t i o n s h i p  between E 

can be der ived:  

and E2 1 

2K 2 

( 7 . 5 )  

which a l lows  the s y s t e m  c a l i b r a t i o n  c o e f f i c i e n t  t o  be c a l c u l a t e d  inde-  

pendent of t h e  measurement o f  p .  Also, s i n c e  t he  measurements were conducted 

, can be assumed t o  be u n i t y  w i t h  
pg 

a t  s e a ,  t he  r e f l e c t i o n  c o e f f i c i e n t ,  

reasonable  accuracy .  The re fo re ,  

(7.6) 

Therefore  p is c a l c u l a t e d  from the r e l a t i o n s h i p  

P = Elhl/K (7.7) 

The r eade r  is  r e f e r r e d  to a r e p o r t  by Appel. an'd B m h i l l  (1965)) for a more 

complete d e r i v a t i o n  of  these parameters .  

x 
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The c a l i b r a t i o n  c o n s t a n t ,  K ,  was determined f o r  each day by measuring 

t h e  average va lues  of  E 

a f t e r  ionospher ic  a b s o r p t i o n  dropped s u f f i c i e n t l y  to  a l low r e l i a b l e  observa-  

t i o n  of  E The c a l i b r a t i o n  c o n s t a n t s  f o r  each  day t h a t  d a t a  was recorded 

were a l l  w i t h i n  10% of each  o t h e r ,  providing v e r i f i c a t i o n  t h a t  the  s y s t e m  

g a i n  was indeed remaining c o n s t a n t .  

Pre l iminary  Data : 

and E2 ove r  a t en  minute per iod  i n  t he  evening 
1 

2' 

Recording o f  v e r t i c a l  inc idence  and p a r t i a l  r e f l e c t i o n  d a t a  on board 

t he  s h i p  was i n i t i a t e d  on A p r i l  21 ,  1966 and cont inued t o  t he  end of  t h e  

c r u i s e  a t  Norfolk, Va. on May 2 ,  1965. A t a b l e  of  t he  s h i p  p o s i t i o n  f o r  

each day a s  w e l l  a s  the t i m e s  datawen? recorded i s  l i s t ed  i n  Figure 7.1. 

Vertical  inc idence  abso rp t ion  d a t a  was recorded each  day between the  hours  

o f  0900 EST and 1700 EST and from be fo re  s u n r i s e  t o  a f t e r  s u n s e t  on t h r e e  

days t o  a s s u r e  a c c u r a t e  s y s t e m  c a l i b r a t i o n .  P a r t i a l  r e f l e c t i o n  d a t a  was 

recorded on ly  a t  the  t i m e s  when v i s u a l  obse rva t ion  i n d i c a t e d  t h a t  p a r t i a l  

r e f l e c t i o n s  might indeed be p r e s e n t ,  The normal o p e r a t i n g  schedule  f o r  d a t a  

r eco rd ing  i s  o u t l i n e d  i n  Figure 7 . 2 .  This  schedule  provides  f o r  t h r e e t e n -  

minute v e r t i c a l  inc idence  abso rp t ion  d a t a  record ing  s e s s i o n s ,  or runs ,  and 

t h r e e  five-minute p a r t i a l  r e f l e c t i o n  record ing  s e s s i o n s  dur ing  each hour .  

Th i s  schedule  was adhered t o  a s  r i g i d l y  a s  p o s s i b l e  t o  a s s u r e  a uniform 

sampling of  the d a t a .  

A t y p i c a l  frame of d a t a  recorded f o r  v e r t i c a l  i nc idence ' abso rp t ion  

measurement is  shown i n  f i g u r e  7 .3.  The h o r i z o n t a l  s c a l e  of t h i s  t r a c e  has  

been converted d i r e c t l y  t o  k i l ome te r s  v i r t u a l  h e i g h t  for g r e a t e r  c l a r i t y .  

By measuring the  ampli tude of  the r e f l e c t i o n  from the f i l m  and knowing t h e  
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r e c e i v e r  g a i n ,  it i s  p o s s i b l e  t o  c a l c u l a t e  t h e  s t r e n g t h  of t h e  s i g n a l  a t  

t h e  input  t o  t h e  r e c e i v e r ,  The input  vo l t age  t o  t h e  r e c e i v e r  is l ikewise  

c a l c u l a t e d  f o r  each frame of i n t e r e s t  du r ing  a ten-minute run of d a t a  and 

t h e  median va lue  f o r  t h i s  ten-minute pe r iod  is c a l c u l a t e d .  Median va lues  a r e  

used f o r  each pe r iod  t o  remove r a p i d  v a r i a t i o n s  of t h e  ionospher ic  s i g n a l  

from t h e  da ta .  A median of t h e  v i r t u a l  h e i g h t s  recorded i n  each frame is 

a l s o  computed f o r  a ten-minute run. Th i s  median ampli tude and he igh t  t h u s  

c a l c u l a t e d  a r e  used i n  con junc t ion  wi th  t h e  s y s t e m  c a l i b r a t i o n  c o n s t a n t ,  K ,  

i n  c a l c u l a t i n g  t h e  apparent  r e f l e c t i o n  c o e f f i c i e n t ,  p, w i t h  equa t ion  7.7 

p rev ious ly  de r ived .  The median ionospher ic  a t t e n u a t i o n  dur ing  t h i s  ten-  

minute per iod  is c a l c u l a t e d  by s i m p l y  conver t ing  p i n t o  d e c i b e l  u n i t s .  

A l l  f i lmed records  of v e r t i c a l  inc idence  absorp t ion  were recorded a t  a 

pu l se  r e p e t i t i o n  r a t e  of 1/2 pps. There fo re ,  300 frames of d a t a  were recorded 

over a ten-minute per iod  and approximately 900 frames were recorded each 

hour. Reading of t h e  f i l m  t o  measure t h e  ampli tude and h o r i z o n t a l  posi-  

t i o n  of each pu l se  r e q u i r e s  u s e  of a s t andard  microfi lm reade r  and can be 

c a r r i e d  out  a t  a maximum r a t e  of 100 frames per  hour ;  complete r educ t ion  of 

a l l  64,000 frames of absorp t ion  d a t a  would t h e r e f o r e  r e q u i r e  640 man hours 

j u s t  t o  conver t  t h e  f i l m  t o  two columns of f i g u r e s .  Because of t h i s  exten-  

s i v e  t i m e  requirement ,  it was decided t o  reduce a l l  of t h e  d a t a  on a s t r i c t  

10% sampling b a s i s  t o  de termine  t h e  g e n e r a l  t r e n d  of t h e  d a t a  and t o  develop 

f u r t h e r  i n s i g h t  i n t o  i ts  i n t e r p r e t a t i o n  and t h e  means by which t h e  remaining 

frames should be reduced. For a p re l imina ry  a n a l y s i s ,  a 10% sampling of a l l  

t h e  v e r t i c a l  inc idence  absorp t ion  d a t a  recorded on A p r i l  23, 1965 was reduced 

and p l o t t e d ,  The ionospher ic  absorp t ion  vs t i m e  of day is p l o t t e d  i n  Figure  7.4. 



217 

0 
rr, 

0 

8 P  NI NOlldllOSBV 31kl33HdSONOI 

I 

0 



2 18 

Thi s  curve very c l e a r l y  demonstrates  t h e  d i u r n a l  v a r i a t i o n  of ionospher ic  

abso rp t ion  due t o  s o l a r  r a d i a t i o n ,  The abso rp t ion  d a t a  c a l c u l a t e d  f o r  

t i m e s  between 0400 and 0800 ( l o c a l  t ime)  was a l l  determined by normal- 

i z i n g  F- layer d a t a  s i n c e  t h e  E l a y e r  w a s  no t  s u f f i c i e n t l y  w e l l  d e f ined  t o  

produce observable  r e f l e c t i o n  s i g n a l s  p r i o r  t o  ground s u n r i s e .  The ba lance  

of t h e  d a t a  is  t h a t  of t h e  E l a y e r .  The h o r i z o n t a l  l i n e s  on t h e  graph 

r ep re sen t  t h e  median a t t e n u a t i o n  va lues  c a l c u l a t e d  f o r  each d a t a  run. The 

curve r e p r e s e n t s  a rough average of t h e  median va lues ,  The v a r i a t i o n  of 

t h e  median va lues  from t h e  average curve is probably due t o  long- term iono- 

s p h e r i c  f ad ing  of pe r iods  g r e a t e r  t han  10 minutes.  The presence of an E 

l a y e r  a t  approximately 1800 hours caused t h e  apparent  i n c r e a s e  i n  ionospher ic  

abso rp t ion  a t  t h i s  t i m e .  

S 

A l l  n ine  days of d a t a  r eco rd ings  a r e  be ing  reduced w i t h  t h e  s t r ic t  10% 

sampling method as w a s  app l i ed  t o  t h e  d a t a  of A p r i l  23 i n  o rde r  t o  o b t a i n  an 

o v e r a l l  p i c t u r e  of t h e  ionospher ic  cond i t i ons  over  t h i s  pe r iod  as w e l l  as a 

p re l imina ry  i n d i c a t i o n  of t h e  l a t i t u d i n a l  v a r i a t i o n  of t h e  absorp t ion ,  D r .  J. 

S. Sh i rke  of t h e  Electr ical  Engineer ing Department of t h e  Un ive r s i t y  of 

I l l i n o i s  is  p r e s e n t l y  i n t e r p r e t i n g  t h e s e  r e s u l t s  and a more ex t ens ive  d i s cus-  

s i o n  of them w i l l  be  presen ted  i n  a forthcoming paper (Shirke and Henry, 1966). 

A t y p i c a l  frame of d a t a  recorded f o r  p a r t i a l  r e f l e c t i o n  measurements 

i s  shown i n  F igure  7.5. The upper  trace d i s p l a y s  t h e  rece ived  r e f l e c t i o n  of 

t h e  o rd ina ry  po l a r i zed  wave and t h e  lower trace is  t h a t  of t h e  e x t r a o r d i n a r y  

wave. The a n a l y s i s  of t h i s  d a t a ,  as o u t l i n e d  by Bel rose  and Burke (1961), r e q u i r e s  

comparison of t h e  ampli tudes of t h e  two components of  t h e  s i g n a l s  r e f l e c t e d  

from ionospher ic  i r r e g u l a r i t i e s  below 90 km. A major problem i n  t h e  
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r educ t ion  and i n t e r p r e t a t i o n  o f  the very  weak s i g n a l s  rece ived  i s  i n  

' 

d i f f e r e n t i a t i n g  between bonafide ionospher ic  r e f l e c t i o n s  and no.ise p u l s e s  

A survey o f  the p a r t i a l  r e f l e c t i o n  d a t a  recorded i n d i c a t e s  t h a t  t he  system 

s igna l- to- noise  r a t i o  is  a t  bes t  marginal  and t h a t  r educ t ion  of t h i s  d a t a  

w i l l  be q u i t e  d i f f i c u l t .  I t  i s  hoped t h a t  f u r t h e r  i n s i g h t  on the  c o r r e c t  

i n t e r p r e t a t i o n  o f  t h i s  d a t a  w i l l  be gained from s tudying  the v e r t i c a l  

inc idence  abso rp t ion  d a t a .  Furthermore,  use of  t he  p a r t i a l  r e f l e c t i o n  

technique a t  t he  Un ive r s i t y  of  I l l i n o i s  Aeronomy F i e l d  S t a t i o n  should 

provide even more in format ion  concerning c o r r e c t  d a t a  r educ t ion  techniques .  

Conclusions:  

The des ign  and ope ra t i on  of  the v e r t i c a l  inc idence  p a r t i a l  r e f l e c t i o n  

sounder has  provkded cons ide rab l e  in format ion  concerning in s t rumen ta t i on  

des ign  techniques and ionospher ic  p r o p e r t i e s  of  t h e  m i d d l e  l a t i t u d e s .  

S ince  d a t a  was recorded f o r  s h i p  p o s i t i o n s  between 30 

t u d e s ,  the v a r i a t i o n  of  i onosphe r i c  abso rp t ion  w i t h  l a t i t u d e  can now be 

de t e rmined . fo r  the per iod  o f  t he  c r u i s e .  Unfor tuna te ly ,  the  s h i p  was 

0 
S and 2 6 O  N l a t i -  

c o n s t a n t l y  moving and the  l a t i t u d i n a l  v a r i a t i o n  w i l l  be very d i f f i c u l t  t o  

s e p a r a t e  from the normal d i u r n a l  v a r i a t i o n .  An i d e a l  experiment f o r  measure- 

ment of l a t i t u d i n a l  v a r i a t i o n  o f  ionospher ic  abso rp t ion  would be t o  use 

s i m i l a r  i n s t rumen ta t i on  on board a very  s lowly  moving v e s s e l .  A c r u i s e  i n  

which t h e  s h i p  would remain e s s e n t i a l l y  mot ion less  over  t h e  d a y l i g h t  hours  

and move one degree of l a t i t u d e  du r ing  the n i g h t  would be optimum f o r  t h i s  

experiment .  The c l o s e l y  spaced abso rp t ion  p r o f i l e s  would then make it much 

e a s i e r  t o  c a t e g o r i z e  i n d i v i d u a l  v a r i a t i o n s  and anomalies i n  ionospher ic  

abso rp t ion  a s  d i u r n a l ,  l a t i t u d i n a l ,  or seasona l .  
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A s  mentioned i n  t h e  i n t r o d u c t i o n ,  i n s t rumen ta t i on  f o r  measurement of  

ionospher ic  abso rp t ion  and p a r t i a l  r e f l e c t i o n s  is  h igh ly  s p e c i a l i z e d  and 

l i t t l e  information has  been a v a i l a b l e  concerning optimum system components 

or des ign  techniques .  The in s t rumen ta t i on  designed and cons t ruc t ed  f o r  the 

c r u i s e  was a l o g i c a l  e v o l u t i o n  i n  des ign  from a s i m i l a r  system designed f o r  

and i n  use a t  Wallops I s l a n d ,  'bra. Likewise,  the  shipboard system has  been 

modified and ,  i n  some c a s e s ,  redesigned i n  p a r t  f o r  use a t  the  Aeronomy 

Laboratory F i e l d  S t a t i o n  a t  the Un ive r s i t y  of  I l l i n o i s .  Design information 

concerning the va r ious  components of  a l l  three s y s t e m s  has  been included i n  

t h i s  r e p o r t  t o  provide a l o g i c a l  background f o r  t he  evo lu t ion  of the p re sen t  

i n s t rumen ta t i on  and t o  provide s u f f i c i e n t  in format ion  t h a t  a s i m i l a r  s y s t e m  

could be cons t ruc t ed  by o t h e r  r e sea rch  groups. I t  i s  apparen t  from the 

d i scus s ions  of each u n i t  of  the  s y s t e m  t h a t  cons iderab le  redes ign  and modi- 

f i c a t i o n  has  been made on each s y s t e m ,  and probably many more modi f ica t ions  

w i l l  be made i n  t he  f u t u r e .  I t  i s  h igh ly  d e s i r a b l e  t h a t  any s y s t e m  intended 

for u s e  i n  a r e sea rch  p r o j e c t  be s o  designed t h a t  i t  is a s  f l e x i b l e  a s  

p o s s i b l e  t o  a l low f o r  f u t u r e  mod i f i ca t i ons  and a d d i t i o n s .  I n  t h i s  way, the 

s y s t e m  can be employed i n  many a p p l i c a t i o n s  and thus  is  u t i l i z e d  t o  i t s  

f u l l e s t  e x t e n t .  This  concept  of i n s t rumen ta t i on  f l e x i b i l i t y  provides  the  

most economical use of equipment des ign  and c o n s t r u c t i o n  e f f o r t s  and reduces 

t he  t i m e  r equ i r ed  be fo re  d a t a  can be recorded and analyzed.  S ince  t h e  i n s t r u-  

mentat ion i n  t h i s  type of  r e sea rch  p r o j e c t  i s  a c t u a l l y  the  t o o l  and n o t  the 

d e s i r e d  f i n a l  p roduct ,  i t  i s  h igh ly  d e s i r a b l e  t o  minimize t i m e  de l ays  

genera ted  by t h e  des ign  and c o n s t r u c t i o n  of  many s i m i l a r  systems. 

J 
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Ideas  f o r  f u t u r e  mod i f i ca t i on  and improvement of  the  b a s i c  s y s t e m  

have been o u t l i n e d  i n  d e t a i l  p r ev ious ly  and need no t  be repea ted  a t  t h i s  

p o i n t .  I t  is  s u f f i c i e n t  t o  say  t h a t  a func t ion ing  system of  o r i g i n a l  and 

adequate des ign  has  been developed and t h a t  t h i s  system is  r e a d i l y  adaptab le  

for use i n  a wide  v a r i e t y  of ionospher ic  r e sea rch  p r o j e c t s  involv ing  ground- 

based t ransmiss ion  and r ecep t ion  of  h igh  frequency r a d i o  waves. The use 

of a swept- frequency ionosonde i n  conjunc t ion  with t h i s  s y s t e m  provides  a 

very powerful means of  i n v e s t i g a t i n g  D- and E- layer  ionospher ic  phenomena. 
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